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Reliability and Quality Control 


NECEL Electronics Inc. is dedicated to the QCD principle of 
providing the highest quality pro6ucX at the lowest possible 
cosfwith on-time delivery \o our customers. 


As large-scale integrated (LSI) circuits increase in den¬ 
sity, the reliability of individual devices imposes a more 
profound impact on system reliability. As a result, great 
emphasis has been placed by LSI circuit manufactur¬ 
ers on assuring device reliability. 


vanced technology combined with the practice of TQC 
yields products as reliable as those from previous 
technologies. 

APPROACHES TO TQC 


Conventionally, performing reliability tests and using 
feedback from the field have been the only methods of 
monitoring and measuring reliability. As LSI density 
increases, however, internal device circuit elements 
have become more difficult to activate from external 
terminals and to detect their degradation. Testing and 
feedback alone cannot provide enough Information to 
ensure today’s demanding reliability requirements. 

To guarantee and improve the reliability of LSI circuits, 
a new philosophy and methodology are needed for 
reliability assurance. Quality and reliability must not 
only be monitored and measured but, most Impor¬ 
tantly, must be built Into the product. 

BUILT-IN TQC 


TQC activities are geared toward total customer satis¬ 
faction. The success of these activities depends on 
management’s commitment to enhancing employee 
development, maintaining a customer-first attitude, 
and fulfilling community responsibilities. 

TQC is implemented in the following steps. First, qual¬ 
ity control is embedded Into each process, allowing 
early detection of possible failure mechanisms and 
immediate feedback. Second, the reliability and quality 
assurance policy is upheld through company-wide 
quality control activities. Third, emphasis is placed on 
research and development efforts to achieve even 
higher standards of device quality and reliability. 
Fourth, extensive failure analysis is performed period¬ 
ically, and appropriate corrective actions are taken as 
preventative measures. 


NECEL introduced the concept of total quality control 
(TQC) across its entire semiconductor product line to 
implement this philosophy. Quality control is now an 
integral part of each process step and requires produc¬ 
tion, engineering, quality control staffs, and all man¬ 
agement personnel to participate in TQC activities. 
Figure 1 is a flowchart that shows how these activities 
form a comprehensive quality control system at 
NECEL. 


Process control limits are based on statistical data 
gathered from this analysis and used to determine the 
effectiveness of the In-process quality control steps. 

New standards are continuously upgraded, and the 
iterative process continues. The goal Is to maintain the 
superior product quality and reliability that has be¬ 
come synonymous with the NEC name. 

Zero Defects Program 


In addition to TQC, NECEL Introduced a pre-screening 
method Into the production line that eliminates poten¬ 
tially defective units. This combination of building In 
quality and screening out projected early failures has 
resulted In superior quality and reliability. 

Most LSI circuits use high-density MOS technology. 
Their state-of-the-art high performance improved fine- 
line generation techniques. When physical parameters 
are reduced, circuit density and performance Increase 
and active circuit power dissipation decreases.The 
information presented here will show that this ad¬ 


One of the quality control activities that involves every 
staff level is the “Zero Defects’’ (ZD) program. The 
purpose of the ZD program Is to minimize, if not 
prevent, defects due to controllable causes. These 
activities are organized by groups of workers around 
these four premises. 

• A group must have a target or purpose to pursue. 

• Several groups can be organized to pursue a 
common target. 

• Each group must have a responsible leader. 

• Each group is well supported by management. 
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Figure 1. NECEUs Quality Control System 
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The group’s target is selected from items relating to 
specifications, inspections, operation standards, etc. 
When past data is available, a Pareto diagram Is cre¬ 
ated and reviewed to select an item most In need of 
quality Improvement. Target defects related to this item 
are clearly defined. Records are analyzed to compute 
numerical equivalents of the defects. Then, action Is 
taken to control these defects. 

Statistical Approach 

Another approach to quality control Is statistical anal¬ 
ysis. NECEL uses statistical analysis at each stage of 
LSI product development, trial runs, and mass produc¬ 
tion. These are some implementations of this statistical 
approach: 

• Process comparisons 

• Control charts 

• Data analysis 

— Correlation, regression, multivariance, etc. 

• Cp/Cpk studies 

— Variables and attributes data (performed 
monthly) 

Process control sheets and other QC tools are used to 
monitor important parameters such as Cp, Cpk, X, X-R, 
electrical parameters, pattern dimensions, bond 
strength, test percentage defects, etc. The results of 
these studies are monitored by the production staff, 
QC engineers, and other associated engineers. If any 
out-of-control or out-of-specification limit is observed, 
corrective procedures are quickly taken. 

IMPLEMENTATION OF QUALITY CONTROL 

Building quality into a product requires early detection 
of possible failure mechanisms and immediate feed¬ 
back to remove such problems. A fixed quality inspec¬ 
tion station often cannot provide prompt and accurate 
feedback about the process steps prior to the inspec¬ 
tion. Quality control functions have therefore been 
distributed into each process step including the con¬ 
ceptual stage. These are the most significant areas 
where quality control has been placed: 

• Product development 

• Incoming material inspection 

• Wafer processing 

• Chip mounting and packaging 

• Electrical testing and Infant mortality screening 

• Outgoing material inspection 

• Reliability assurance tests 

• Process/product changes 


Figure 2. New Product Development 
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Product Development 

New product deveiopment includes the product con¬ 
cept, device proposal review, physical element design 
and organization, engineering evaluation, and, finally, 
product transfer to manufacturing. Quality and reliabil¬ 
ity are considered at every step. The new product 
development flow at NECEL Is shown In figure 2. 

Design is the first and most important step In new 
product development. NECEL believes that the founda¬ 
tion of device quality is determined at the design stage. 
The four steps involved are circuit design, mask pattern 
layout, package design, and the setting of process and 
product manufacturing conditions. Design standards 
have been established at NECEL to maximize quality 
and reliability. 

After completion of the design, a design review is 
performed to check for conformity to design standards 
and to consider other factors influencing reliability and 
quality. At this stage, modification or re-design may be 
necessary. NECEL believes that design reviews are 
essential for product modifications as well as for newly 
designed products. 

Once a design successfully passes Its review, atrial run 
takes place In which the product’s electrical and me¬ 
chanical characteristics, quality, and reliability are 
evaluated. 

Additional runs are performed in which process condi¬ 
tions are varied deliberately, causing characteristic 
factors to change in mass production. These samples 
are evaluated to determine the best combination of 
process conditions. Reliability tests are then con¬ 
ducted to check the new product’s electrical and me¬ 
chanical stress resistance. If no problems are found at 
this stage, the product Is approved for mass produc¬ 
tion. 

Mass production begins after the product design de¬ 
partment prepares a schedule that includes reliability 
and quality control steps. The standards for produc¬ 
tion and control steps are continuously re-examined 
for possible improvement, even after mass production 
has started. 


Incoming Material Inspection 

NECELhasthefollowing programs to control incoming 
materials: 

• Vendor/material qualification system 

• Purchasing specifications for materials 

• Incoming materials inspection 

• Inspection data feedback 

• Meetings with vendors concerning quality 

• Vendor audits 

If any parts or materials are rejected at incoming 
Inspection, they are returned to the vendor with a 
rejection notification form specifying the failure items 
and modes. The results of these inspections are used 
to rate the vendors for future purchasing. 

In-Process Quality Inspection 

Typical In-process quality inspections performed at 
wafer fabrication, chip mounting and packaging, and 
device testing stages are listed in appendix 1A and 
appendix 1B. 

Electrical Testing and Screening 

At the first electrical test, dc parameters are tested 
according to electrical specifications on 100% of each 
lot. This is a prescreening prior to any infant mortality 
test. At the second electrical test, ac functional tests as 
well as dc parameter tests are performed on 100% of 
each lot. If the percentage of defective units In a lot is 
unacceptably high in this test, the lot Is subjected to an 
Infant mortality rescreen. During this time, any defec¬ 
tive units undergo extensive failure analysis. The re¬ 
sults of these analyses are fed back into the process 
through corrective actions. 

Figure 3 is a flowchart of the typical Infant mortality 
screening and electrical testing. 

Outgoing Inspection 

Prior to warehouse storage or shipment, lots are sub¬ 
jected to an outgoing inspection according to the 
following sampling plan: 

• Electrical 

— Dc parameters, lot tolerance parts defective 
(LTPD) 3% 

— Ac functional LTPD 3% 

• Appearance 

— Major LTPD 3% 

— Minor LTPD 7% 
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Figure 3. Electrical Testing and Screening 



Reliability Assurance Tests 

Prior to shipment, representative samples from each 
process family are taken on a regular basis and sub¬ 
jected to monitoring reliability tests. This testing Is 
performed to confirm that NECEL’s products continu¬ 
ally meet their field reliability targets. 

Process/Product Changes 

As mentioned previously, a design review occurs for 
product changes as well as for new products. Once a 
design is approved and processes are altered for max¬ 
imum quality, qualification testing is performed to 
check reliability. If the test results are acceptable, the 
product is internally qualified for mass production. 

The typical reliability qualification tests performed at 
NECEL are listed In appendix 3. 

RELIABILITY THEORY 

Reliability is defined as a characteristic of an Item 
expressed by the probability that it will perform a 
required function, under specific conditions, for a cer¬ 


tain period of time. The concept of probability, the 
definition of required function, and the knowledge of 
how time affects the item of concern are therefore 
necessary tools for the study of reliability. 

Definition of a required function, by implication, treats 
the definition of a failure. Failure of a device is defined 
as the termination of a device’s ability to perform Its 
required function. A device has failed if it is unable to 
meet guaranteed values given in its electrical specifi¬ 
cations. 

Failures are categorized by the period of time in which 
they occur. The critical times used in the discussion of 
device reliability and failure are the periods of early, 
random, and wearout failures. Probability is used to 
quantitatively estimate reliability levels during these 
periods as well as overall reliability. The relevant theo¬ 
ries and methods of calculation will be discussed later. 

Regarding individual devices, specific failure mecha¬ 
nisms seen In life tests and In infant mortality screening 
tests are the parameters of concern in the determina¬ 
tion of overall device failure rates, thus reliability levels. 

Regarding systems, the sum of Individual device failure 
rates is the expected failure rate of the system hard¬ 
ware. 

Life Distribution 

The fundamental principles of reliability engineering 
predict that the failure rate of a group of devices will 
follow the well-known bathtub curve in figure 4. 


Figure 4. Reliability Life (Bathtub) Curve 
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The curve is divided into three regions: infant mortality, 
random failures, and wearout failures. 

The infant mortality section of the curve, where the 
failure rate Is declining rapidly, represents the early-life 
device failures. These failures are usually associated 
with one or more manufacturing defects. 

After a period of time, the failure rate reaches a low 
value. This random failure area of the curve represents 
the useful portion of a device’s life. During this random 
failure period, a slight decline is observed due to the 
depletion of potential random failures from the general 
population. 

Wearout failures occur at the end of useful device life. 
These failures are observed In the rapidly rising failure 
rate portion of the curve; devices are wearing out both 
physically and electrically. 

Therefore, for a device that has a very long life expect¬ 
ancy compared to the system that contains it, the 
areas of concern will be the infant mortality and ran¬ 
dom failure portions of the bathtub curve. 

Failure Distribution at NECEL 

To eliminate infant mortality failures, NECEL subjects 
Its products to production burn-in whenever necessary. 
This burn-in Is performed at an elevated temperature 
on 100% of the devices involved and is designed to 
remove potentially defective units. 

After elimination of early device failures, a system will 
be left to the random failures of its components. To 
make proper projections of the failure rate of a system 
In the operating environment, random failure rates 
must be predicted for the system’s components. 

To qualitatively study random failures, integrated cir¬ 
cuits returned from the field, as well as In-house life 
testing failures, undergo extensive failure analyses at 
respective NEC manufacturing divisions. Failure mech¬ 
anisms are identified and resulting data is fed back to 
appropriate production and engineering groups. Long¬ 
term failure rates are determined from this data to 
quantitatively study this random failure population. 

Infant Mortality Failure Screening 

Establishing infant mortality screening requires knowl¬ 
edge of likely failure mechanisms and their associated 
activation energies. 


Typical problems associated with infant mortality fail¬ 
ures are manufacturing defects and process anoma¬ 
lies, which consist of contamination, cracked chips, 
wire bond shorts, or bad wire bonds. Since these 
problems can result from a number of possible failure 
mechanisms, the activation energy for Infant mortality 
can vary considerably. Correspondingly, the effective¬ 
ness of an Infant mortality screening condition (pref¬ 
erably at some stress level to shorten the screening 
time) varies greatly with the failure mechanism. 

For example, failures due to Ionic contamination have 
an activation energy of approximately 1.0 eV. There¬ 
fore, a 15-hour stress at 125°C junction temperature 
would be the equivalent of approximately 314 days of 
operation at a junction temperature of 55°C. On the 
other hand, failures due to oxide defects have an 
activation energy of approximately 0.3 eV. A 15-hour 
stress at 125°C junction temperature in this case would 
be the equivalent of approximately 4 days of operation 
at 55°C junction temperature. The condition and dura¬ 
tion of infant mortality screening is determined by the 
economic factors involved in the screening and by the 
allowable rate of component failure. A component 
failure causes a system failure. 

Empirical data gathered at NECEL indicates that any 
early failures generally occur after less than 4 hours of 
stress at 125°C ambient temperature. This fact is sup¬ 
ported by the bathtub curve created from actual life 
test results. The failure rate after 4 hours of such stress 
testing shows random distribution as opposed to the 
rapidly decreasing failure rate observed in the early life 
portion of the curve. 

Whenever necessary, NECEL has adopted this infant 
mortality burn-in at 125°C as a standard production 
screening procedure. NECEL believes it is Imperative 
that failure modes associated with such infant mortal¬ 
ity screens be understood and fixed at the manufac¬ 
turing level. Failure analysis is performed on all infant 
mortality failures for this purpose. This In-line data 
coupled with data accumulated from the field is used to 
introduce corrective actions and quality improvement 
measures. If the early-life failures of a device can be 
minimized or eliminated and countermeasures appro¬ 
priately monitored, then such screens can be elimi¬ 
nated. The result of such practices Is that field reliabil¬ 
ity of NECEL devices is an order of magnitude higher 
than NECEL’s long-term failure rate goals. 
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Table 7. Typical Reliability Test Results 


Name 

Type 

HTB (1000H) 

T/H (1000H) 

PCT (192H) 

T/C (300) 

Micro 
(Note 1) 

NMOS 

9/26169 
(13 FIT) 

3/15977 

0/16928 

0/3542 


CMOS 

7/29829 
(4.3 FIT) 

7/23123 

0/23275 

0/12238 

Memory 

(HTOL) 

1 Meg DRAM (Note 2) 

44/38217 
(43 FIT) 

0/18210 

0/6320 

0/11300 


4 Meg DRAM (Note 3) 

12/8085 
(2.2 FIT) 

1/2866 

0/2100 

0/2020 


256K SRAM (Note 4) 

1/2812 
(22 FIT) 

1/2562 

0/1900 

0/3232 


1 Meg SRAM (Note 4) 

0/2136 
(1.25 FIT) 

2/1959 

0/1080 

0/1375 

ASIC 
(Note 5) 

CMOS 

7/8787 
(21 FIT) 

0/3577 

5/13971 

6/9693 


BiCMOS 

3/2801 
(29 FIT) 

0/3601 

0/4535 

0/5825 


Note: 

Information in the table above has been extracted from NEC EL report 
numbers: 

(1) IRQ-3Q-24163 (4) TRQ-93-07-0165 

(2) TRQ-93-01-0142 (5) TRQ-93-07-0163 

(3) TRQ-93-01-0141 

Accelerated Reliability Testing 

NECEL performs extensive reliability testing at both 
pre-production and post-production levels to ensure 
that all products meet NECEL’s minimum expectations 
and those of the field. 

Assume an electronic system contains 1000 integrated 
circuits and that 1% system failures per month can be 
tolerated by this system. The allowable failure rate per 
component is then calculated as follows: 

_ 1% failures _ _ . . . % failures 

720 hours X 1000 pieces ‘ ^ 1000 hours 

= 14 FITS 

The rate of 14 FITS corresponds to one failure In 85 
devices during an operating test of approximately 
10,000 hours. To demonstrate this reliability level in a 
reasonable amount of time, a test condition is appar¬ 
ently required to accelerate the time-to-failure in a 
predictable and understandable way. 

The most common method for decreasing time-to- 
failure is the use of high temperature to accelerate 


physiochemical reactions that can lead to device fail¬ 
ure. Other stressful environmental conditions are volt¬ 
age, current, humidity, vibration, or some combination 
of these. Appendix 2 lists typical accelerated reliability 
assurance tests performed at NECEL on molded inte¬ 
grated circuits. Table 1 shows the results of some of 
these tests for various process types. 

Reliability Assurance Tests 

NECELs life tests consist of the high-temperature 
operating/bias life (HTOL/HTB), the high-humidity stor¬ 
age life (HHSL), the high-temperature, high-humidity 
(T/H = HHSL + bias), and the high-temperature storage 
life (HTSL). Additionally, NECEL performs various envi¬ 
ronmental and mechanical tests. 

HTOL/HTB Test. These tests are used to accelerate 
failure mechanisms by operating devices in a dynamic 
(operating life) or static (bias) condition at an elevated 
temperature of 125°C. The data obtained Is translated 
to a lower temperature to estimate device life expect¬ 
ancy using the Arrhenius relationship explained later. 
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HHSL and T/H Tests. Integrated circuits are extremely 
sensitive to the effects of humidity such as electrolytic 
corrosion between biased lines. The high-temperature 
and hIgh-humIdity tests are performed to detect failure 
mechanisms accelerated by temperature and humidity, 
such as leakage related problems and drifts in device 
parameters due to process instability. 

HTSL Test. Another common test Is the high-tempera¬ 
ture storage life test in which devices are subjected to 
elevated temperatures with no applied bias. This test is 
used to detect process instability and stress migration 
problems. 

Environmental Tests. Other environmental tests such 
as the pressure cooker test (POT) or the temperature 
cycling test (T/C) detect problems related to the pack¬ 
age and/or Interactions between materials as well as 
the degradation of environmentally sensitive device 
characteristics. 


Failure Rate Calculation/Prediction 


To predict the device failure rate from accelerated life 
test data, the activation energies of the failure mecha¬ 
nisms involved should be considered. In some cases, 
an average activation energy Is assumed to accom¬ 
plish a quick first-order approximation. NECEL as¬ 
sumes an average activation energy of 0.7 eV or 0.45 eV 
for most products (0.3 eV for high-density memory 
devices). These values have been assessed from exten¬ 
sive reliability test results and yield conservative failure 
rates. 


Since most semiconductor failures are temperature 
dependent, the Arrhenius relationship is used to nor¬ 
malize failure rate predictions at a system operation 
temperature of 55°C. It assumes that temperature de¬ 
pendence is an exponential function that defines the 
probability of failure occurrence, and that degradation 
of a performance parameter is linear with time. The 
Arrhenius model Includes the effects of temperature 
and activation energies of the failure mechanisms in 
the following Arrhenius equation: 



exp 


-Ea(Tji-Tj2) 

k(Tji)(Tj2) 


Where: 

A(T) = Acceleration factor 

Ea = Activation energy 

Tji = Junction temperature (in K) atTAi = 

Tj 2 = Junction temperature (in K) atTA 2 = 125°C 
k = Boltzmann’s constant = 8.62 x 10-5 eV/K 


Because the thermal resistance and power dissipation 
of a particular device type cannot be ignored, junction 
temperatures (Tji and Tj 2 ) are used Instead of ambient 
temperatures (Tai andTA 2 )- We calculate junction tem¬ 
peratures using the following formula: 

Tj = Ta + (thermal resistance)(power diss. at Ta) 

With this information, a temperature acceleration fac¬ 
tor can be calculated. 

In some cases, the effect of voltage acceleration on 
failure rate must also be considered. Voltage acceler¬ 
ation can be characterized by the following equation: 
A(V) = exp [-i3(Vd - Vs)] 

Where: 

Vd = Operating voltage (5.5 V) 

Vs = Life test stress voltage (7 V) 
p = Empirically determined constant (dependent on 
electric field constant and oxide thickness) 

The constant p has been given the value 1, which Is 
a conservative figure. Therefore, the overall accelera¬ 
tion factor will be determined as the product: 

A(T,V) = A(T) * A(V) 

To estimate long-term failure rate, the acceleration 
factor must be multiplied by the actual time to deter¬ 
mine the simulated test time. From the high- 
temperature operating or bias life test results, failure 
rates can then be predicted at a 60% confidence level 
using the following equation: 

(X2)105 

2T 

Where: 

L = Failure rate in %/1000 hours 
X2 = The tabular value of chi-squared distribution at a 
given confidence level and calculated degrees of 
freedom (2f -i- 2, where f = number of failures) 
See note below. 

T = # of equivalent device hours = (# of devices) x (# 
of test hours) x (acceleration factor) 

Note: Since the failures of concern here are the long-term 
failures, notthe infant mortality failures (that is, the end 
of the downward slope and the middle constant sec¬ 
tion of the bathtub curve in figure 4), X2 is determined 
by assuming a one-sided, fixed time test. 

Another method of expressing failures is in FITs (fail¬ 
ures in time). One FIT is equal to one failure in 109 
hours. Since L is already expressed as %/1000 hours 
(10-5 failure/hr), an easy conversion from %/1000 hours 
to FIT would be to multiply the value of L by 104. 
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To accurately determine this failure rate, a statistically 
large sample size must be accumulated. Depending on 
the accuracy needed, the following conditions should 
be imposed: 

• A minimum of 1.2 million device hours (equal to 
sample size multiplied by test period) at 125°C 
should be accumulated to accurately predict a fail¬ 
ure rate of 0.02% per 1000 hours at 55°C, with a 60% 
confidence level. 

• A minimum of 3 million device hours at 125°C should 
be accumulated to accurately predict a failure rate 
of 0.01% per 1000 hours at 55°C, with a 60% confi¬ 
dence level. 

Failure Rate Calculation Example. As an example of 
how this failure rate is calculated, assume a sample of 
960 pieces was subjected to 1000 hours at 125°C burn- 
in. One reject was observed. Given that the accelera¬ 
tion factor was calculated to be 34.6 using the Arrhe¬ 
nius equation, what is the failure rate normalized to 
55°C using a confidence level of 60%. Express the 
failure rate in FITs. 


Solution: 

For n = 2f -f 2 = 2(1) -f 2 = 4, X2 = 4.046 

Then L = (%/1000 hours) 

^_ (X2)105 (%/iooo hours) _ 

2(# devices)(# test hours)(accel. factor) 


(4.046)105 
2(960) (1000) (34.6) 


= 0.0061 (%/1000 hours) 


Therefore, FIT = (0.0061)(104) = 61 

Failure Rate Goals 

Outgoing electrical and mechanical quality levels, as 
well as mortality and long-term failure rates, are moni¬ 
tored and checked against quality and reliability tar¬ 
gets. Long-term failure rate goals are based on mask 
and process designs. NECEL’s quality and reliability 
targets are listed in tables 2 and 3. 


Table 2. NECEL Quality Targets 



Outgoing Electrical (PPM) 

Outgoing Mechanical (PPM) 



Bipolar 


Bipolar 

Year 

1 

Memory 

Micro 

System 

Micro 

CMOS 

ASIC 

RAM 

ECL 

G/A 

BiCMOS 

G/A 

Memory 

Micro 

System 

Micro 

CMOS 

ASIC 

RAM 

ECL 

G/A 

BiCMOS 

G/A 

1993 

10 

60 

50 

50 

80 

300 

80 

10 

60 

50 

50 

80 

300 

80 

1994 

3.4 

40 

40 

10 

80 

300 

80 

3.4 

40 

40 

10 

80 

300 

80 

1995 

3.4 

40 

30 

5 

80 

150 

50 

3.4 

40 

30 

5 

80 

150 

50 


Table 3. NECEL Reliability Targets 



Infant Mortality (FIT) 

Long-Term Reliability (FIT) 



Bipolar 


1 Bipolar 

Year 

Memory 

Micro 

System 

Micro 

CMOS 

ASIC 

RAM 

ECL 

G/A 

BiCMOS 

G/A 

1 

Memory 

Micro 

System 

Micro 

CMOS 

ASIC 

RAM 

ECL 

G/A 

BiCMOS 

G/A 

1993 

10 

40 

50 

100 

50 

300 

80 

10 

30 

100 1 

50 1 

30 

300 

80 

1994 

3.4 

30 

40 

50 

50 

300 

80 

3.4 

20 

100 

10 

30 

300 

80 

1995 

3.4 

30 

30 

10 

50 

150 

50 

3.4 

zo 

100 

5 

30 

150 

50 
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FAILURE ANALYSIS 

At NECEL, failure analysis is performed not only on 
reliability testing and field failures, but also on prod¬ 
ucts that exhibit defects during production. This data is 
closely checked for correlation process quality infor¬ 
mation, inspection results, and reliability test data. 
Information derived from these failure analyses is fed 
back into the process. 

Since many failure mechanisms can be exhibited by 
LSI devices, highly advanced analytical tools and 
methodologies are required to investigate such LSI 
failures in detail. The standard failure analysis flow¬ 
chart relating to the returned products from customers 
is shown in appendix 4. 

Special Grade Devices 

Some applications require a wider temperature range 
and/or higher reliability than most, such as medical or 
safety equipment, transportation control systems, etc. 
For these requirements, NEC offers special grade de¬ 
vices based on a mutual quality agreement. The typical 
differences between special and standard grade de¬ 
vices are shown in table 4. NEC’s quality and reliability 
targets for grade (A) microprocessor/controller prod¬ 
ucts are shown in table 5. 


SUMMARY 

Building quality and reliability into products by forming 
a total quality control system Is the most efficient way 
to ensure product success. 

The combination of building quality into products, 
effective prescreening of potential failures, and moni¬ 
toring of reliability through extensive testing has estab¬ 
lished a singularly high standard for NECEL’s large- 
scale integrated circuits. 

The company’s quality control program supports re¬ 
search and development activities, failure analyses, 
and process Improvements. With this extensive pro¬ 
gram, NECEL continuously sets and maintains higher 
standards of quality and reliability. 


Table 4. Standard Grade and Special Grade 
Differences 


Item 

Standard Grade 


special Grade 

Reliability Evaluation 

HTB, T/H 
HTS 

> 1000 hours 


>2000 hours 

T/C 

> 100 cy 


> 300 cy 

PCT 

> 96 hours 


> 192 hous 

Quality 

Standard quality 
control steps 


Special control when 
necessary 

Screening 

Standard burn-in 


Increased burn-in time 

Electrical 

testing 

Standard 


Addition of high 
temperature testing (if 
not performed already) 

Storage 

life 

3 years 


5 years 

Table 5. 

Grade (A) Micro Reliability and Quality 
Targets 

Quality/Rel. Item 

1993 

1994 1995 

Outgoing electrical (PPM) 

10 

3.4 3.4 

Outgoing mechanical (PPM) 

10 

3.4 3.4 

Infant mortality (FIT) 

10 

5 5 

Long term rel. (FIT) 

10 

5 5 
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Appendix 1A, Typical QC Flow for CMOS Fabrication 


Wafer Fabrication ProceM QC Flow (CMOS) 


Row 






Process Material 


In-process Inspection/quality Monitor 


Silicon Wafer 


Resistivity (sampling by lot) 
Dimension (sampling by lot) 
Visual (sampling by lot) 


Oxidation Oxide thickness (sampling by lot) 

Photo Lithography Alignment and etching accuracy (sampling by lot) 

Ion Implantation Layer resistance (sampling by lot) 

Reid 

Formation 


Deposition Deposit thickness (sampling by lot) 

Photo Lithography Alignment and etching accuracy (sampling by lot) 

Oxidation _ Oxide thickness (sampling by lot) 

Channel Stopper 
Formation 


Photo Lithography Alignment and etching accuracy (sampling by lot) 


Incoming 

Inspection 


Well 

Formation 


Ion Implantation 
Oxidation 
Gate 

Formation 


Deposition 

Doping 

Photo Lithography 


p/n SD Formation 


Photo Lithography 


Layer resistance (sampling by lot) 
Oxide thickness (sampling by lot) 


Deposit thickness (sampling by lot) 

Layer resistance (sampling by lot) 

Alignment and etching accuracy (sampling by lot) 
Gate electrode width (sampling by lot) 


Alignment and etching accuracy (sampling by lot) 


Ion Implantation Layer resistance (sampling by lot) 

Anneal _ 

Contact 

Hole 


Deposition Deposit thickness (sampling by lot) 

Photo Lithography Alignment and etching accuracy (sampling by lot) 



Metallization 


Metal Deposition Metal thickness (sampling by lot) 

Photo Lithography Alignment and etching accuracy (sampling by lot) 



Alloy _ Parametric test (sampling by lot) 

Passivation 


Deposition Deposit thickness (sampling by lot) 

Photo Lithography Alignment and etching accuracy (sampling by lot) 



Wafer Sort 


Electrical test 


Contact hole and metallization steps are repeated twice. 


83RD-7509B 
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Appendix IB, Typical QC Flow for PLCC Assembly/Test 


Inspection of Manufacturing Conditions 


ess/Materials 

Inspection 

Item 

Frequency 

instrument 

Inspected 

by 

Inspection 

Item 

Frequency 

Instrument 

inspected 

by 

Sorted Wafers 









Wafer Visual 





Wafer Visual 

100% 

Naked Eye 

Operator 

Dicing 

Table Speed 
Dl Water 
Blade Height 

Every 

Shift 

indicators 

Gauges 

P.C. 

Sawing 

Dimensions 

Before 

Running 

Microscope 

WIthRlter 

Eyepiece 

Operator 

Break and Expand 

Wafer Break 
Conditions 

Wafer Expand 
Conditions 

Every 

Shift 

indicators 

Gauges 

P.C. 

Wafer Visual 

100% 

Naked Eye 

Operator 

Die Visual Inspection 





Die 

Visual 

Every Lot 
Sampling 
(Or 100%) 

Microscope 

Operator 

Lead Frames 

Die Attached 

Die Attached 
Conditions 

Temperature 

Every 

Shift 

indicators 

Thermocouple, 

Potentiometer 

P.C. 

Die Visual 
Epoxy 
Coverage 

Every 

Magazine 

Every Shift 

Naked Eye 

Microscope 

Operator 

Epoxy Cure 
(Not Done for Gold 

Die Attached product) 

Heat 

Temperature 
N 2 Flow 

Every 

Shift 

indicators 

Gauges 

P.C. 

Shear 

Strength 

Every 

Shift 

Dynamometer 

Operator 

Fine Wire 

Bonding 

Conditions 

Every 

Shift 

indicators 

P.C. 

Visual 

Every 

Magazine 

Microscope 

Operator 

Wire Bonding 

Temperature 

Every 

Week 

Thermocouple 

and 

Potentiometer 

P.C. 

Wire Pull 
Test 

Every 

Shift 

Tension 

Gauge 

Operator 

Pre-Seal Visual 

Inspection 





Die 

Visual 

Every Lot 
Sampling 
(Or 100%) 

Microscope 

inspector 

Molding Compound 

Temperature 
of Pellet, 
Expiration Date 

Every 

Shift 

Thermocouple 

P.C. 





Molding 

Temperature 
Profile of 

Die Set 

Every Shift 

Thermocouple, 

Potentiometer 

P.C. 

Visual 

100% 

Naked Eye 

Operator 


Preheat 

Temperature 

Pressure 









Cure Time 








Mold Aging 

Temperature 

Every Shift 

indicator 

P.C. 





Deflashing 

Deflashing 

Conditions 

Every Shift 

Indicators 

P.C. 

Visual 

Every Lot 

Naked Eye 

Operator 


Concentration 

Every Week 

Titration 

Tech. 






Density 

Every Week 

Density Meter 

Tech. 






Water Jet 
Pressure 

Every Day 

Gauge 

Tech. 





Plating 

Plating 

Conditions 

Every Day 

indicators 

P.C. 




■ 


Concentration 

Every Week 

Titration 

Tech. 




■ 


Inspectton of Manufacturing Qualities 
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Appendix IB, Typical QC Flow for PLCC Assembiy/Test (cont) 


Process/Materials 



Plating Inspection 

Marking ink 

Marking 

Mark Cure 

Lead Forming 

Rnai Assembly Inspection 
Rrst Electrical Sorting 

Burn-In (When Necessary) 
Rrst Electrical Sorting 

Reliability Assurance Test 

In-Warehouse Inspection 

Warehousing 


Inspection of Manufacturing Conditions 


Inspection of Manufacturing Qualities 


Inspection 

Item 

Frequency 

instrument 

inspected 

by 

Inspection 

Item 

Frequency 

Instrument 

Inspected 

by 





Visual 

Plating 

Thickness 

Composition 

Solderability 

Every Lot 

Every Lot 
Every Lot 
Once/Day 

Naked Eye 

X-ray 

X-ray 

Naked Eye 

Technician 

Technician 

Technician 

Technician 

Marking 

Conditions 

Every Shift 

indicators 

P.C. 

Visual 

Every Lot 

Naked Eye 

Operator 

Temperature 

Every 

Shift 

Thermocouple 

P.C. 

Marking 

Permanency 

Twice/Shift 

Automatic 

Tester 

Operator 

Dimensions 

Every Shift 
(Before 
Running) 

Test Jig. 
Caliper 

Operator 

Visual 

Every Lot 

Naked Eye 

Operator 





Visual 

Every Lot 

Magnifying 

Lamp 

Operator 

P.M. Check 

Sample 

Check 

Every Day 

Before 

Testing 

P.M. Jig. 

Test 

Samples 

Operator 

Operator 

Electrical 

Characteristics 

100% 

IC Tester 

Operator 

Bum-In 

Conditions 

Every 

Batch 

Indicator 

P.C. 






Every Day 

Before 

Testing 

P.M. Jig. 

Test 

Samples 

Operator 

Operator 

Electrical 

Characteristics 

100% 

IC Tester 

Operator 


Every 

Month 








Every Day 

Before 

Testing 

P.M.Jlg. 

Test 

Samples 


Electrical 

Characteristics 

Visual (Major) 

Visual (Minor) 

Every Lot 

Every Lot 

Every Lot 

IC Tester 

Naked Eye 
and 

Microscope 

Naked Eye 

Inspector 

Inspector 

Inspector 
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Appendix 2. Typical Reliability Assurance Tests 

Test 


Symbol 

MIL-STD-883C 

Method 


Test Conditions 

High-temperature operating/bias life (Note 1) 

HTOL/HTB 


1005 


125°C; Vdp specified per device type 

High-temperature storage life (Note 1) 

HTSL 


1008 

Ta = 

150°C (175° 

or 200°C in some cases) 

High-temperature/high-humidity (Note 1) 

T/H 



Ta = 

85°C; RH = 

85%; VpD = 5.5 V 

High-humidity storage life (Note 1) 

HHSL 



Ta = 

85°C; RH = 

85% 

Pressure cooker (Note 1) 


POT 



Ta = 

125°C; P = 

2.3 atm; RH = 100% 

Temperature cycling (Note 1) 


T/C 


1010 

-65°Cto •f150°C; 1 hour/cycle 

Lead fatigue (Note 2) 


C3 


2004 

90-degree bends; 3 bends without breaking 

Solderability (Note 3) 


C4 


2003 

230°C; 5 sec; rosin base flux 

Soldering heat/temperature cycle/ 
thermal shock (Note 1) 

C6 


1010 

1011 
(Note 4) 

10 sec @ 230°C; rosin base flux 

Ten 1-hour cycles @ -65°C to +150°C 

Fifteen 10-minute cycles @ 0°C to +100°C 

Notes: 

(1) Electrical test per data sheet is performed. Devices that exceed 
the data sheet limits are considered rejects. 

(2) Broken lead is considered a reject. 

(3) 

(4) 

Less than 95% coverage is considered a reject. 

MIL-STD-750A, method 2031. 

Appendix 3 . New Product/Process Change Tests 






Test 

Sample Size 

Newly 

Developed 

Product 

Shrink 

Die 

New 

Package 

Wafer 

Assembly 

Test Conditions 

High-temperature 
operating/bias life 

20 - 50 pieces; 

1 - lots 

0 

0 

0 

0 

0 

See appendix 2; 

1000H 

High-temperature 
storage life 

10 - 20 pieces; 

1 - 3 lots 

0 

0 

0 

0 

0 

T= 150°C (plastic); 

T = 175°C (ceramic); 
1000H 

High-temperature/ 
high-humidity bias life 
(plastic package) 

20 - 50 pieces; 

1 - 3 lots 

0 

0 

0 

0 

0 

See appendix 2; 

1000H 

Pressure cooker 
(plastic package) 

10 - 20 pieces; 

1 - 3 lots 

0 

0 

0 

0 

0 

See appendix 2; 288H 

Thermal environmental 

10 - 20 pieces; 

1 - 3 lots 

0 

X 

0 

X 

0 

See appendix 2 

Mechanical environmental 
(ceramic package) 

10 - 20 pieces; 

1 - 3 lots 

0 

X 

0 

X 

0 

20G, 10 - 2000Hz; 
1500G, 0,5 ms; 

20000G, 1 min 

Lead fatigue 

5 pieces; 1 - 3 
lots 

X 

- 

X 

- 

X 

See appendix 2 

Solderability 

5 pieces; 1 - 3 
lots 

X 

- 

X 

- 

X 

See appendix 2 

ESD 

20 pieces; 1 - 3 
lots 

0 

0 


0 

X 

(1) C = 200 pF, R = 0 

(2) C = 100 pF, 

R = 1.5 k 

Long term T/C 

10 - 50 pieces; 

1 - 3 lots 

0 

0 

0 

0 

0 

See appendix 2; 

1000 cy 


Notes: 


0: Performed. X: Perform if necessary, Not performed. 
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fiPD78C00 Product Line 


Section 2 

/iPD78C00 Product Line 

8-Blt, Single-Chip Microcontrollers 

/iPD78Cl4 Family 

(^PD78C10A/C11A/C12A/C14/C14A/CP14) 

8-Bit, Single-Chip Microcontrollers 

With A/D Converter 

2-a 

/4PD78C18 Family 

(/LiPD78C17/C18/CP18) 

8-Bit, Single-Chip Microcontrollers 

With A/D Converter 

2-b 

/4PD78C00 Product Line 

Programming Reference 
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NEC Electronics Inc. 


JLIPD78C14 Family 
OliPD 78C10A/C11A/C12A/C14/C14A/CP14) 
8-Bit, Single-Chip Microcontrollers 
With A/D Converter 

September 1993 


Description 

This family of microcontrollers integrates sophisti¬ 
cated on-chip peripheral functions normally provided 
by external components. Their internal 16-bit ALU and 
data paths, combined with a powerful instruction set 
and addressing, make the devices appropriate in data 
processing as well as control applications. 

The devices integrate a 16-bit ALU, 4K, 8K, or 16K-byte 
ROM, 256-byte RAM, an eight-channel A/D converter, a 
multifunction 16-bit timer/event counter, two 8-bit tim¬ 
ers, a USART, and two zero-cross detect inputs on a 
single die, allowing their use in fast, high-end process¬ 
ing applications. This Involves analog signal interface 
and processing. 

The /iPD78C14 family includes: 4K, 8K, and 16K-byte 
mask ROM devices, embedded with a custom cus¬ 
tomer program; ROMIess devices for use with up to 
64K-bytes of external memory; and 16K-byte EPROM or 
OTP ROM devices for prototyping and low-volume 
production. The /iPD78Cl1A/C12A/C14A also have 
mask optional pullup resistors available on ports A, B, 
and C. 


Features 

□ CMOS technology 

— 25 mA operating current 
(78C10A/C11A/C12A) 

— 30 mA operating current (78C14/C14A) 

□ Complete single-chip microcontroller 

— 16-bit ALU 

— 4K, 8K, or16Kx8ROM 

— 256-byte RAM 

° 44 I/O lines 

□ Mask optional pullup resistors 

— Ports A, B, and C (/iPD78C11A/C12A/C14A only) 

□ Two zero-cross detect inputs 

□ Two 8-bit timers 

□ Expansion capabilities 

— 8085A-like bus 

— 60K-byte external memory address range 

□ Eight-channel, 8-bit A/D converter 

— Autoscan mode 

— Channel select mode 

□ Full-duplex USART 

— Synchronous and asynchronous 

□ 159 instructions 

— 16-bit arithmetic, multiply, and divide 

— HALT and STOP instructions 

□ 0.8-/iS instruction cycle time (15-MHz operation) 

□ Prioritized Interrupt structure 

— Three external 

— Eight internal 

□ Standby function 

□ On-chip clock generator 
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NEC 


Ordering Information 

Part Number (Note 1) 

Package 

Package Drawing 

Quality Grade (Note 3) 

ROMIess 

/iPD78C10ACW 

64-pin SDIP 

P64C-70-750A, C 

Standard 

AGF-3BE 

64-pin QFP (Note 2) 

P64GF-100-3B8, 3BE-1 

Standard 

AGF(A)-3BE 



Special 

AGQ-36 

64-pin QUIP 

P64GQ-100-36 

Standard 

AGQ(A)-36 



Special 

AL 

68-pin PLCC 

P68L-50A1 -1 

Standard 

AL(A) 



Special 

4K Mask ROM 

/iPD78C11ACW-xxx 

64-pin SDIP 

P64C-70-750A, C 

Standard 

AGF-XXX-3BE 

64-pin QFP (Note 2) 

P64GF-100-3B8, 3BE-1 

Standard 

AGF(A)-xxx-3BE 



Special 

AGQ-xxx-36 

64-pin QUIP 

P64GQ-100-36 

Standard 

AGQ(A)-xxx-36 



Special 

AGQ-xxx-37 

64-pin QUIP (straight) 

P64GQ-100-37 

Standard 

AL-xxx 

68-pin PLCC 

P68L-50A1 -1 

Standard 

AL(A)-xxx 



Special 

8K Mask ROM 

iL/PD78C12ACW-xxx 

64-pin SDIP 

P64C-70-750A, C 

Standard 

AG-xxx-37 

64-pin QUIP (straight) 

P64GQ-100-37 

Standard 

AG-xxx-36 

64-pin QUIP 

P64GQ-100-36 

Standard 

AG(A)-xxx-36 



Special 

AGF-XXX-3BE 

64-pin QFP (Note 2) 

P64GF-100-3B8, 3BE-1 

Standard 

AL-xxx 

68-pin PLCC 

P68L-50A1-1 

Standard 

A L (A) -XXX 



Special 

16K Mask ROM 

/iPD78C14AG-xxx-AB8 

64-pin QFP 

P64GC-80-AB8-2 

Standard 

CW-xxx 

64-pin SDIP 

P64C-70-750A, C 


G-xxx-36 

64-pin QUIP 

P64GQ-100-36 


G-xxx-37 

64-pin QUIP (straight) 

P64GQ-100-37 


G-xxx-1 B 

64-pin QFP (Note 2) 

P64G-100-12, IB-1 


GF-XXX-3BE 

64-pin QFP (Note 2) 

P64GF-100-3B8, 3BE-1 


L-xxx 

68-pin PLCC 

P68L-50A1 -1 


16K OTP ROM 

/iPD78CP14CW 

64-pin SDIP 

P64C-70-750A, C 

Standard 

G-36 

64-pin QUIP 

P64GQ-100-36 


G-37 

64-pin QUIP (straight) 

P64GQ-100-37 


GF-3BE 

64-pin QFP (Note 2) 

P64GF-100-3B8, 3BE-1 


L 

68-pin PLCC 

P68L-50A1 -1 
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Ordering Information (cont) 

Part Number (Note 1) 

Package 

Package Drawing 

Quality Grade (Note 3) 

16KUV EPROM 

A/PD78CP14DW 

64-pin CER SDIP w/window 

P64DW-70-750A 

Standard 

R 

64-pin CER QUIP w/window 

P64RQ-100-A 



16K OTP ROM _ 

^PD78CP14G(A)-36 64-pin QUIP 

Notes: 

(1) XXX indicates ROM code suffix 

(2) Engineering samples supplied in a ceramic QFP package 

(3) Special grade devices have the symbol (A) embedded in the part 
number 

Pin Configurations 


64-Pin QUIP or SDIP (Plastic or Ceramic) 


PAoC 


^ 64 



PAi C 

2 

63 

□ STOP 


PA2II 

3 

62 

□ PD7 


PA3C 

4 

61 

□ PDe 


PA4II 

5 

60 

□ PDg 


PA5 C 

6 

59 

□ PD4 


PA0 C 

7 

58 

□ PD3 


PAyC: 

8 

57 

□ PD2 


PBqC 

9 

56 

□ PDi 


PBi C 

10 

55 

□ PDq 


PB2C 

11 

54 

□ PF7 


PB3II 

12 

53 

□ PFg 


PB4C 

13 

52 

=^PF5 


PBgc: 

14 

51 

□ PF4 


PBeC 

15 

50 

□ PF3 


PByC 

16 

49 

□ PF2 


PCo/TxDC 

17 

48 

□ PFi 


PC-|/RxD[I 

18 

47 

□ PFq 


PC2/SCK C 

19 

46 

□ ALE 


pc3/Ti/ii^[: 

20 

45 

□ WR 


PC4/TOII 

21 

44 

□ RD 


PCs/Cl c 

22 

43 

^ AVqq 


PCg/COO c 

23 

42 

^ VaREF 


PC7/C01 c 

24 

41 

□ AN7 


NMI C 

25 

40 

□ AN6 


INT1 C 

26 

39 

□ AN5 


MODE1 C 

27 

38 

□ AN4 


RESET C 

28 

37 

□ AN3 


MODEO C 

29 

36 

□ AN2 


X2II 

30 

35 

□ AN1 


XI C 

31 

34 

□ ANO 


IT 

CO 

32 

33 

AVss 
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Pin Configurations (cont) 


64-Pin QFP (14mm x 14mm) 
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Pin Identification 


Symbot 

Function 

ALE 

Address latch enable output 

AN0-AN7 

A/D converter analog inputs 0-7 

INT1 

Interrupt request 1 input 

MODEO 

Mode 0 input; I/O memory output 

MODE1 

Mode 1 input 

Ni^ 

Nonmaskable interrupt input 

PA 0 -PA 7 

Port A I/O 

PB 0 -PB 7 

Port B I/O 

PCq/TxD 

Port C I/O line 0; transmit data output 

PCi/RxD 

Port C I/O line 1 ; receive data input 

PC 2 /^ 

Port C I/O line 2; serial clock I/O 

PC 3 /TI/i]Tf 2 

Port C I/O line 3; timer input; interrupt request 
2 input 

PC 4 /TO 

Port C I/O line 4; timer output 

PC 5 /CI 

Port C I/O line 5; counter Input 

PCs, PC 7 / 
COo.CO-i 

Port C I/O lines 6 , 7; counter outputs 0, 1 

PD 0 -PD 7 

Port D I/O; expansion memory address, data 
bus (bits ADq - AD 7 ) 

PF 0 -PF 7 

Port F I/O; expansion memory address, 

(bits ABs - AB 15 ) 

m 

Read strobe output 

RESET 

Reset input 

STOP 

Stop mode control input 

Varef 

A/D converter reference voltage 

WR 

Write strobe output 

X1,X2 

Crystal connections 1 , 2 

AVdd 

A/D converter power supply voltage 

AVss 

A/D converter power supply ground 

Vdd 

5 V power supply 

Vss 

Ground 

IC 

Internal connection 


PIN FUNCTIONS 

ALE (Address Latch Enable). The ALE output is 
used to latch the address of PDq - PD 7 into an external 
latch. 

AN0-AN7 (Analog Inputs). These are the eight analog 
Inputs to the A/D converter. AN4-AN7 can also be used 
as a digital input for falling edge detection. 

Cl (Counter Input). External pulse input to timer/ 
event counter. 

COq, COi (Counter Outputs). Programmable wave¬ 
form outputs based on timer/event counter. 

INTI (interrupt Request 1 ). INT1 is a rising edge 
triggered, maskable interrupt input. It is also an ac- 
input, zero-cross detection terminal. 

If the optional pullup resistor is specified for this pin on 
the pPD78C11A/C12A/C14A, the zero-cross detection 
circuitry will not function. 

INT 2 (Interrupt Request 2 ). INT2 is a falling edge 
triggered, maskable interrupt input. It is also an ac- 
input, zero-cross detection terminal. 

MODEO, MODE 1 (Mode 0 , 1 ). The MODEO and 
MODE1 inputs selecUhe amount of external memory. 
^DEO outputs the lO signal and MODE 1 outputs the 
M1 signal. An external pullup resistor to Vdd is required 
If the Input Is to be a logic high. 

The value of this pullup resistor, R, is dependent on 
tcYC and is calculated as follows: R in KOIs 4 < R < 0.4 
tcYC where tcYC is In ns units. 

NMI (Nonmaskable Interrupt). Falling edge, 
Schmitt-triggered nonmaskable Interrupt input. 

PAq - PA 7 (Port A). Port A is an 8 -bit three-state port. 
Each bit Is independently programmable as either 
Input or output. Reset makes all lines of port A inputs. 
Mask optional pullup resistors are available on the 
A/PD78C11A/C12A/C14A. 

PBo - PB7 (Port B). Port B is an 8 -bit three-state port. 
Each bit is independently programmable as either 
Input or output. Reset makes ail lines of port B inputs. 
Mask optional pullup resistors are available on the 
/iPD78C11A/C12A/Cl4A. 

PCo - PC7 (Port C). Port C is an 8 -bit three-state 
port. Each bit is independently programmable as either 
Input or output. Alternatively, the lines of port C can be 
used as control lines for the USART, interrupts, and 
timer. Reset makes all lines of port C Inputs. Mask 
optional pullup resistors are available on the 
fiPD78C11A/C12A/C14A. 
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PDo - PD 7 (Port D). Port D is an 8 -bit three-state port. 
It can be programmed as either 8 bits of input or 8 bits 
of output. When external expansion memory is used, 
port D acts as the multiplexed address/data bus. 

PFo - PF7 (Port F). Port F is an 8 -blt three-state port. 
Each bit is Independently programmable as either 
input or output. When external expansion memory is 
used, port F outputs the high-order address bits. 

RD (Read Strobe). The three-state RD output goes 
low to gate data from external devices onto the data 
bus. RD goes high during reset. 

RESET (Reset). When the Schmitt-triggered RESET 
input is brought low, it initializes the device. 

RxD (Receive Data). Serial data input terminal. 

SCK (Serial Clock). Output for the serial clock when 
internal clock is used. Input for serial clock when 
external clock is used. 

ST OP (ST OP Mode Control Input). A low-level Input 
on STOP (Schmitt-triggered input) stops the system 
clock oscillator. 

Tl (Timer Input). Timer input terminal. 

TO (Timer Output). The output of TO is a square 
wave with a frequency determined by the timer/counter. 

TxD (Transmit Data). Serial data output terminal. 

Varef (A/D Converter Reference). Varef sets the 
upper limit for the A/D conversion range. 

WR (Write Strobe). The three-state WR output goes 
low to indicate that the data bus holds valid data. It is a 
strobe signal for external memory or I/O write opera¬ 
tions. WR goes high during reset. 

XI, X 2 (Crystal Connections). X 1 and X 2 are the 
system clock crystal oscillator terminals. X1 is the 
input for an external clock. 

AVdd (A/D Converter Power). This Is the power 
supply voltage for the A/D converter. 

AVss (A/D Converter Power Ground). AVss is the 
ground potential for the A/D converter power supply. 

Vdd (Power Supply). Vdd is the +5-volt power sup¬ 
ply. 

Vss (Ground). Ground potential. 
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Block Diagram 


PC, mo 
PCi/RxD 
PC 2 /SCK 


Clock 

Generator 



_ Latch _ 

IncremenVDecrement 

_PC_ 

_SP_ 

EA 


1 Alternate I Proaram 
General 


™Mmll 


Data 

Memory . 
[256-Bytel 


PortL^Y>'’''7-PP0 

F [ABis-ABbI 


Port PD 7 -PD 0 

D N-v> [AD 7 .AD 0 ] 


PC 5 /CI - 
PCq/COq ^ 
PC 7 /CO 1 - 


Timer/Event 

Counter 


Internal Data Bus 

jnCtST" 

I Latch I I Latch I 1 PSW I 


X>TnX>P®7-PBo 


A/D 

Converter 


Read/Write Control System Control 


RD WR ALE MODE1 MODEO RESET 


Standby Control 


t t 


VpD Vcc Vss 
(STOP) (Vdd) 


1. On-ChIpROM 
78C10A : ( 

78C11A : i 

78C12A : ( 

78C14/C14A: 1 
78CP14 : 1 


4096 Bytes 
8192 Bytes 
16384 Bytes 

16384 Bytes EPROM/OTP ROM 


83YL-9266B (9/93) 
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Figure I. Memory Map 


Internal Program Memory 
4,096 Bytes: 78C11A 
s 8192 Bytes: 78C12A . 

16,384 Bytes: 78C14/ 
C14A/CP14 

(External Memory on 78C10A) 


8 H INTT0/INTT1 


10H INT1/INT2 


External Memory 
61,184 Bytes: 78C11A 
57,088 Bytes: 78C12A 
48,896 Bytes: 78C14/ 
C14/VCP14 


18H INTEtyiNTEI 


INTEIN/INTAD 


Internal RAM 
256 Bytes x 8 
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FUNCTIONAL DESCRIPTION 
Memory Map 

The /iPD78C14 family can directly address up to 64K 
bytes of memory. Except for the on-chip ROM (or 
PROM) and RAM (FFOOH-FFFFH), any memory location 
can be used as ROM or RAM. The memory map, figure 
1, defines the 0 to 64K-byte memory space for the 
/iPD78C14 family. 

The /iPD78CP14 can be programmed in software to 
have 4K, 8K, or 16K-bytes of internal program memory. 
This programming is transparent to the ROM-based 
device, allowing easy transfer of code to a ROM-based 
device. 

Input/Output 

The /iPD78C14 family has 44 digital I/O lines, five 8-bit 
ports (ports A, B, C, D, F), and four digital input lines 
(AN4-AN7). 

Analog Input Lines. AN0-AN7 are configured as 
analog Input lines for the on-chip A/D converter. Lines 
AN4-AN7 can be used as digital input lines for falling- 
edge detection. 

Port A, Port B, Port C, Port F. Each line of these 
ports can be individually programmed as an Input or 
output. When used as I/O ports, all have latched out¬ 
puts and hIgh-Impedance Inputs. On the /iPD78C11A/ 
C12A/C14A, mask optional pullup resistors are avail¬ 
able for ports A, B, and C. 

Port D. Port D can be programmed as a byte input or 
a byte output. 

Control Lines. Under software control, each line of 
port C can be configured individually as a control line 
for the serial interface, timer, and timer/counter or as an 
I/O port. 

Memory Expansion. In addition to the single-chip 
operation mode, the jLiPD78C14 family has four memory 
expansion modes. Under software control, port D can 
provide a multiplexed low-order address and data bus; 
port F can provide a high-order address bus. Table 1 
shows the relation between memory expansion modes 
and the pin configurations of port D and port F. 


Table 1. Memory Expansion Modes and Port 
Configurations 


Memory Expansion 

Port 

Port Configuration 

None 

Port D 

I/O port 


Port F 

I/O port 

256 bytes 

Port D 

Multiplexed address/ 
data bus 


PortF 

I/O port 

4K bytes 

Port D 

Multiplexed address/ 
data bus 


Port F (PF 0 -PF 3 ) 

Address bus 


Port F (PF 4 -PF 7 ) 

I/O port 

16K bytes 

PortD 

Multiplexed address/ 
data bus 


Port F (PF 0 -PF 5 ) 

Address bus 


Port F (PF 6 -PF 7 ) 

I/O port 

60K bytes 

Port D 

Multiplexed address/ 
data bus 


Port F 

Address bus 


Timers 

The two 8-blt timers may be programmed indepen¬ 
dently or cascaded as a 16-blt timer. The timer can be 
software set to increment at intervals of four machine 
cycles (0.8fjs at 15-MHz operation) or 128 machine 
cycles (25.6 ps at 15 MHz), or to increment on receipt of 
a pulse at Tl. Figure 2 Is the block diagram for the timer. 

Timer/Event Counter 

The 16-blt multifunctional timer/event counter (figure 3) 
can be used for the following operations: 

• Interval timer 

• External event counter 

• Frequency measurement 

• Pulse-width measurement 

• Programmable frequency and duty cycle waveform 
output 

• Single-pulse output 
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8-Bit A/D Converter 






Eight input channels 
Four conversion result registers 
Two powerful operation modes 
—Autoscan mode 
— Channel select mode 
Successive approximation technique 
Absolute accuracy: 0.6% FSR ± 1/2 LSB 
Conversion range: 0 to 5 V 
Conversion time: 38.4 fjs 
Interrupt generation 


Figure 2. Timer Biock Diagram 



83RD-6368B (9/93) 
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Analog/Digital Converter 

The /iPD78C14 family features an 8-bit, high-speed, 
high accuracy A/D converter. The A/D converter is 
made up of a 256-resistor ladder and a successive 
approximation register (SAP). There are four conver¬ 
sion result registers (CR0-CR3). 

The eight-channel analog input may be operated in 
either of two modes. In the select mode, the conversion 
value of one analog Input is sequentially stored in 
CR0-CR3. In the scan mode, either the upper four 
channels or the lower four channels may be specified. 
Then those four channels will be consecutively se¬ 
lected and the conversion results stored sequentially In 
the four conversion result registers. 

Figure 4 is the block diagram for the A/D converter. To 
stop the operation of the A/D converter and thus 
reduce power consumption, set Varef = 0 V. 

Interrupt Structure 

There are 12 Interrupt sources in the/;PD78C14 family 
of chips. Three are external Interrupts and nine are 
Internal. Table 2 shows 11 interrupt sources divided 
into seven priority levels where IRQO is the highest and 
IRQ6 is the lowest. See figure 5. 


Figure 4. A/D Converter Block Diagram 


AVSS 

Varef 

ANO 

AN1 

AN2 

AN3 

AN4 

AN5 

AN6 

ANT 



Table 2, Interrupt Sources 


Interrupt Request 

Interrupt Address 

Type of Interrupt 

Internal/External 

IRQO 

4 

NMI (Nonmaskable interrupt) 

External 

IRQ1 

8 

INTTO, INTT1 (Coincidence signals from timers 

0,1) 

Internal 

IRQ2 

16 

INTI, INT2 (Maskable interrupts) 

External 

1RQ3 

24 

INTEO, INTE1 (Coincidence signals from timer/ 
event counter) 

Internal 

IRQ4 

32 

INTEIN (Falling signal of Cl or TO into the timer/ 
event counter) 

Internal or External 



INTAD (A/D converter interrupt) 

Internal 

IRQ5 

40 

INTSR (Serial receive interrupt) 

Internal 



INST (Serial send interrupt) 


IRQ 6 

96 

SOFTI instruction 

Internal 
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Figure 5. Interrupt Structure Block Diagram 


NMI - 
INTTO- 
INTT1 - 
INTI - 
INT2- 
INTEO - 
INTE1 - 
INTEIN - 
INTAD- 
INTSR - 
INTST - 


OV¬ 
ER - 


Request 

Register 






Mask 

Register 


Test 

Control 


Skip Control 






Test 

Flag 

Register 


Priority 

Control 


INTFNMI 

SOFT! 


Enable 




El —\S Q 


Interrupt 

Generation 




SOFTI- 


Interrupt 

Address 
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Standby Functions 

The /iPD78C14 family has two standby modes: HALT 
and STOP. The HALT mode reduces power consump¬ 
tion to 50% of normal operating requirements, while 
maintaining the contents of on-chip registers, RAM, 
and control status. The system clock and on-board 
peripherals continue to operate, but the CPU stops 
executing instructions. The HALT mode is initiated by 
executing the HLT instruction. The HALT m ode can be 
released by any nonmasked interrupt or by RESET. 

The STOP mode reduces power consumption to less 
than 0.1% of normal operating requirements. There are 
two STOP modes: type A and type B. 

Type A is Initiated by executing a STOP Instruction. If 
Vdd is held above 2.5 V, the on-board RAM Is saved. The 
oscillator is sto pped . T he STOP mode can be released 
by an input on NMI or RESET. The user can program 
oscillator stabilization time up to 52.4 ms via timer 1. By 
checking the standby flag (SB), the user can determine 
whether the processor has been In the standby mode 
or has been powered up. 


Type B is initiated by inputting a low level on the STOP 
input. The PiAM contents are saved If Vdd held above 
2.5 V. The oscillat or is s topped. The STOP mode Is 
released by raising STOP to a high level. The oscillator 
stabil ization time is fixed at 52.4 ms; 52.4 ms after 
STOP is raised, instruction execution will automati¬ 
cally begin at locatio n 0. The stabilization time can be 
Increased by holding RESET low for the required time 
period. 

Universal Serial interface 

The serial interface can operate In one of three modes: 
synchronous, asynchronous, and I/O interface. The I/O 
interface mode transfers data MSB first, for easy inter¬ 
facing to certain NEC peripheral devices. Synchronous 
and asynchronous modes transfer data LSB first. Syn¬ 
chronous operation offers two modes of data recep¬ 
tion: search and nonsearch. In the search mode, data Is 
transferred one bit at a time from the serial register to 
the receive buffer. This allows a software search for a 
sync character. In the nonsearch mode, data transfer 
from the serial register to the transmit buffer occurs 
eight bits at a time. Figure 6 shows the universal serial 
interface block diagram. 
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Zero-Crossing Detector 

The INT1 and INT2 terminals (used common to Tl and 
PCs) can detect the zero-crossing point of low- 
frequency AC signals. When driven directly, these pins 
respond as a normal digital input. Figure 7 shows the 
zero-crossing detection circuitry. 


Figure 7. Zero-Crossing Detection Circuit 



The zero-crossing detection capability allows you to 
make the 50-60 Hz power signal the basis for system 
timing and to control voltage phase-sensitive devices. 

To use the zero-cross detection mode, an AC signal of 
1.0 to 1.8 V (peak-to-peak) and a maximum frequency of 
1 kHz is c ouple d through an external capacitor to the 
INTI and INT2 pins. 

For the INTI pin, the Internal digital state is sensed as 
a 0 until the rising edge crosses the average DC level, 
when It becomes a 1 and an INTI interrupt is gener¬ 
ated. 

For the INT2 pin, the state is sensed as a 1 until the 
falling edge cros ses t he average DC level, when it 
becomes a 0 and INT2 is generated. 
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ELECTRICAL SPECIFICATIONS 
Absolute Maximum Ratings 

Ta = 25°C 


Power supply voltage, Vdd 

-0.5 to +7.0 V 

Power supply voltage, AV^d 

AVss to Vdd + 0.5 V 

Power supply voltage, AVss 

-0.5 to + 0.5 V 

Power supply voltage, Vpp 0 l/PD 78CP14 only) 

-0.5 to +13.5 V 

Input voltage, V| 

-0.5 to Vdd+ .5 V 

STOP pin (^PD78CP14 only) 

-0.5 to +13.5 V 

Output voltage, Vq 

-0.5 to Vdd+ -5 V 

Output current, low; Iql 

Each output pin 

Total 

4.0 mA 
100 mA 

Output current, high; Iqh 

Each output pin 

Total 

-2.0 mA 
-50 mA 

Reference input voltage, VAref 

-0.5 to AVdd + 0.3 V 

Operating temperature, Tqpr 
fXTAL ^ 15 MHz 

-40 to +85°C 

Storage temperature, Tsjg 

-65 to +150°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma¬ 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Capacitance 

Ta = 25°C; VpD Vss = 0 V 


Parameter 

Symbol 

Max 

Unit 

Conditions 

Input capacitance 

C| 

10 

pF 

fc = 1 MHz; 

Output capacitance 

Co 

20 

pF 

unmeasured pins 
returned to OV 

I/O capacitance 

C|0 

20 

pF 


Oscillation Characteristics 

Ta= -40 to 85°C; VpD = AYpp = 5V ± 10% (±5%pPD78CP14); Vss = AVss = OV; Vdd-0.8V < AYpp < Vdd;3.4V < Varef ^ AYpp 


Resonator 

Recommended 

Circuit 

Parameter 

Min Typ 

Max 

Unit 

Conditions 

Ceramic resonator (Note 1) or 

(Note 2) 

Oscillation frequency (fxx) 

4 

15 

MHz 

A/D converter not used 

crystal oscillator (XTAL)(Note 4) 



5.8 

15 

MHz 

A/D converter used 




6 

15 

MHz 

/jPD78CP14only 

External clock 

(Note 3) 

XI input frequency (fx) 

4 

15 

MHz 

A/D converter not used 




5.8 

15 

MHz 

A/D converter used 




6 

15 

MHz 

/YPD78CP14 only 



XI input, rise, fall time (t^, tf) 

0 

20 

ns 




Xi input low- and high-level 

20 

250 

ns 




width (t0L. t0H) 

20 

167 

ns 

/iPD78CP14 


Notes: 


(1) Refer to the Resonator and Capacitance Requirements table for 
the recommended ceramic resonators. 

(2) For XTAL, see the Recommended XTAL or Ceramic Resonator 
Oscillation Circuit Diagram. 

(3) See the following recommended external clock diagram. 


(4) When using a crystal oscillator, It should be a parallel-resonant, 
fundamental mode, "AT cut" crystal. Capacitors Cl and C2 are 
required for frequency stability. The values of Cl and C2 (C1 = 
C2) can be calculated from the load capacitance (CJ, specified 
by the crystal manufacturer: 


Cl = 


C1 X C2 
C1 -H C2 


+ Oq 


Where Cs is any stray capacitance in parallel with the crystal 
such as the /iPD78C10A, /iPD78C11A, or /iPD78C14/14A input 
capacitance between X1 and X2. 
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RecommendedXTAL or Ceramic Resonator 
Oscillation Circuit Diagram 



External oscillation circuit should be as dose to the 
XI and X2 pins as possible. 

Do not place other signal lines In the shaded area. 


83RD-6945A 


Recommended External Clock Diagram 



Resonator and Capacitance Requirements 

= -40 to +85'’C 


Manufacturer 

Product Number 

Cl, C2 (pF) 

Conditions 

Murata 

CSA15.0MX3 

22 

/iPD78C14/C14A 


CSA10.0MT 

30 



CST10.0MT 

Not required 



CSA6.00MG 

30 



CST6.00MG 

Not required 



CSA12.0MT 

30 

/iPD78C10A/C11A/C12A/C14/Cl 4A 


CST12.0MT 

Not required 



CSA15.00MX001 

15 

/^PD78C10A/C11A/C12A 


CSA7.37MT 

30 



CST7.37MT 

Not required 


TDK 

FCR12.9MC 

Not required 

iuPD787C14/C14A 
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jLiPD78C14 Family 


DC Characteristics 

Ta = -40 to +85°C; Vss = 

0 V;Vdd = 

+ 5.0 y ±10% (MPD78C10A/C11A/C12A/C14/C14A); Vqd = +5.0 V ± 5% ((jPD 78CP14 only) 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Input voltage, low 

V|L 1 

0 


0.8 

V 

All except Note 1 inputs 


V|L 2 

0 


0.2 Vdd 

V 

Note 1 inputs 

Input voltage, high 

V|H 1 

2.2 


Vdd 

V 

All except XI, X2, and Note 1 inputs 


''lH 2 

0.8 Vqq 


Vdd 

V 

XI, X2, and Note 1 inputs 

Output voltage, low 

VoL 



0.45 

V 

Iql = 2.0 mA 

Output voltage, high 

VOH 

q 

1 

o 

Q 

> 



V 

Iqh = 1.0 mA 



Vdd-0-5 



V 

•oh = -100 a/A 

Data retention voltage 

Vdddr 

2.5 



V 

STOP mode 

Input current 

Il 1 



±200 

liA 

INTI (Note 2): Tl (PC 3 ) (Note 3); 0 V < V| < 

Vdd 

Input current 
(^PD78C14 only) 

■l 2 



±200 

fjA 

INTI (Note 2); Tl (PC 3 ) (Note 3); 0 V < V, < 

Vdd 

Input current 
(juPD78C14 only) 

■l3 



-300 

fjA 

I 0 -I 7 (upper input pin); V| = 0 

Input leakage current 

'Ll 



±10 

AtA 

All except INTI, Tl (PC 3 ), 0 V < V| < Vdd 





±1 

/iA 

AN7-0, OV < Vi < Vdd 
OjPDC 10A(A)/C11A(A)/C12A(A)/CP14A(A) only) 

Output leakage current 

•lo 



±10 

fjA 

ov ^ Vo < Vdd 

AVqd supply current 

AIddi 


0.5 

1.3 

mA 

f = 15 MHz 


AIdD 2 


10 

20 

^A 

STOP mode 

Vqd supply current 

Iddi 


13 

25 

mA 

Normal operation; f = 15 MHz; 
OL/PD78C10A/C11A/C12A only) 


•dD2 


7 

13 

mA 

HALT mode; f = 15 MHz; 
()iPD78C10A/C11A/C12A only) 


'dD3 


16 

30 

mA 

Normal operation; f = 15 MHz 
()iPD78C14/C14A) 


■dD4 



32 

mA 

Normal operation; f = 15 MHz; 

0iPD78CP14 only) 


>DD5 


8 

15 

mA 

HALT mode; f = 15 MHz; 

(MPD78C14/C14A/CP14 only) 

Data retention current 

•dddr 


1 

15 

//A 

Vdddr = 2.5 v (Note 4) 





300 


(^PD78CP14 only-Note 4) 




10 

50 

A/A 

Vdddr = 5.0 V ± 10 % (Note 4) 





1 

mA 

(^PD78CP14 only-Note 4) 

Pullup resistor 

Rl 

17 

27 

75 

KQ 

Ports A, B, C; 3.5 V < Vdd ^ 5.5 V; V| = 0 V 
(A/PD78C11A/C12A/C14A only) 


Notes: 

( 1 ) Inputs RESET, STOP, Nl^, S^, INTP1, Tl, and AN4-AN7. 

(2) Assuming ZCM register is set to self-bias. 

(3) Assuming ZCM register is set to self-bias and the MCC register is 
set to control mode. 


(4) Hardware/software STOP mode and assuming ZCM register is 
set to self-bias not selected. 





fiPD78C14 Family 



AC Characteristics 

= -40 to +85°G; Vss = 0 V; Vqd = 

-I- 5.0 V ± 10% OiPD78C10A/ei 1 A/Cl 2A/C14/Cl 9A); Vqd = 

+ 5.0V ± 

5% (/UPD78CP14 only) 

Parameter 

Symbol 

Min 

Max 

Unit 

Conditions 

RESET pulse width high, low 

*RSH.tRSL 

10 


JUS 


NMI pulse width high, low 

<NIH. ^NIH 

10 


JUS 


XI input cycle time 

tcYC 

66 

250 

ns 





167 

ns 

(Note 1) 

Address setup to ALE i 

tAL 

30 


ns 

(Notes 2, 3) 

Address hold to ALE 1 

^LA 

35 


ns 

(Notes 2, 3) 

Address to RD i delay time 

^AR 

100 


ns 

(Notes 2, 3) 

RD i to address floating 

^AFR 


20 

ns 

(Note 2) 

Address to data input 

*AD 


250 

ns 

(Notes 2, 3) 

ALE i to data input 

^LDR 


135 

ns 

(Notes 2, 3) 

RD i to data input 

tRD 


120 

ns 

(Notes 2, 3) 

ALE i to TO i delay time 

^LR 

15 


ns 

(Notes 2, 3) 

Data hold time TO t 

^RDH 

0 


ns 

(Note 2) 

TO t to ALE t delay time 

^RL 

80 


ns 

(Notes 2, 3) 

RD width low 

tRR 

215 


ns 

Data read (Notes 2, 3) 



415 


ns 

Opcode fetch (Notes 2, 3) 

ALE width high 

tLL 

90 


ns 

(Notes 2, 3) 

Ml setup time to ALE 1 

^ML 

30 


ns 

(Note 3) 

W hold time after ALE i 

tLM 

35 


ns 

(Note 3) 

lO/M setup time to ALE 4 

t|L 

30 


ns 

(Note 3) 

lO/M hold time after ALE i 

tLI 

35 


ns 

(Note 3) 

Address to WR i, delay 

Uw 

100 


ns 

(Notes 2, 3) 

ALE 1 to data output 

<LDW 


180 

ns 

(Notes 2, 3) 

WR i to data output 



100 

ns 

(Note 2) 

ALE 4 to WR 4 delay time 

<IW 

15 


ns 

(Notes 2, 3) 

Data setup time to WR t 

bw 

165 


ns 

(Notes 2, 3) 

Data hold time to WR t 

<WDH 

60 


ns 

(Notes 2, 3) 

WR t to ALE t delay time 

twL 

80 


ns 

(Notes 2, 3) 

WR width low 

tww 

215 


ns 

(Notes 2, 3) 

Address to data input 

Ucc 


250 

ns 

(Notes 2, 3) 

Data hold time from address 

t|H 

0 


ns 

(Note 2) 


Notes: 


(1) Applies to /iPD78CP14 only. 

(2) Load capacitance Cl = 150 pF. 


(3) Values are for 15-MHz operation. For operation at other frequen¬ 
cies, refer to the Bus Timing Dependent on tcYK table- 


Serial Operation 


Parameter 

Symbol 

Min 

Max 

Unit 

Conditions 

SCK cycle time 

tCYK 

0.8 


ATS 

SCK input (Notes 1, 3) 


0.4 

/iS 

SCK input (Note 2) 

1.6 

JUS 

SCK output (Note 3) 
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JIIPD78C14 Family 


Serial Operation (cont) 

Parameter 

Symbol 


Min 


Max 

Unit Conditions 

SCK width low 

♦kkl 


335 



ns SCK input (Notes 1, 3) 




160 



ns SCK input (Note 2) 




700 



ns SCK output (Note 3) 

width 

'kkh 


335 



ns SCK input (Notes 1,3) 

high 



160 



ns SCK input (Note 2) 




700 



ns SCK output (Note 3) 

RxD setup 
time to SCK t 

tRXK 


80 



ns (Note 1) 

RxD hold time 
after SCK t 

^KRX 


80 



ns (Note 1) 

^iTxD 
delay time 

^Krx 




210 

ns (Note 1) 

Notes: 







(1) lx baud rate in synchronous or I/O Interface mode. 

(2) 16 X baud rate or 64 x baud rate in asynchronous mode. 


(3) 'XTAL = 

15 MHz. 

Zero-Cross Characteristics 






Parameter 


Symbol 

Min 

Max 

Unit Condition 

Zero-cross detection Input 


Vzx 


1 

1.8 

VACp_p AC-coupled 60-Hz sine wave 

Zero-cross accuracy 


AZX 



±135 

mV 

Zero-cross detection Input frequency 

'zx 


0.05 

1 

kHz 

A/D Converter Characteristics 

Ta = -40 to +85°C; Vdd = +5.0 V ±10% (±5% on /iPD78CP14); Vss 
Vdd “0*6 V < AVqd ^ Vdq; 3.4 V ^ Varef ^ AVqd 

= AVssOV; 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Resolution 


8 



bits 


Absolute accuracy 
(Note 1) 




±0.4 

%FSR 

Ta = -10 to +70°C: 66 ns < tcYC ^ ns; 

4.0 V < Varef ^ aVqd 





±0.6 

%FSR 

66 ns < t0YC ^170 ns; 4.0 V < Varef - AVdd 





±0.8 

%FSR 

66 ns < tQYC — 170 ns; 3.4 V < Varef — AVdd 

Conversion time 

'CONV 

576 



'CYC 

66 ns < tQYC — 110 ns 



432 



'CYC 

110 ns < tQYC - 170 ns 

Sampling time 

'samp 

96 



tcYC 

66 ns < tQYC — 113 ns 



72 



tcYC 

110 ns < tQYC - 170 ns 

Analog input voltage 

V|AN 

0 


Varef 

V 


Analog input impedance 

Ran 


1000 


MO 


Reference voltage 

Varef 

3.4 


AVdd 

V 


Varef current 

•arefi 


1.5 

3.0 

mA 

Operation mode 


•aref2 


0.7 

1.5 

mA 

STOP mode 

AVdd supply current 

AIddi 


0.5 

1.3 

mA 

Operation mode 


AIdd2 


10 

20 

/iA 

STOP mode 


Notes: 

(1) Quantizing error (±1/2 LSB) is not included. 


(2) FSR = Fuil-scale resolution. 
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fiPD78C14 Family 


Bus Timing Dependent on tpYK 


Symbol 

Min/Max (ns) 

Calculation Formula 

Symbol 

Min/Max (ns) 

Calculation Formula 

tjIH. tjlL 

Min 

6T (Tl input - PC3) 

tLI 

Min 

T-30 

tCIIH. tci1L 

Min 

6T (Tl Input - PC5) 

Uw 

Min 

3T - 100 

(Note 2) 




Max 

T+ 110 


Min 

48T (Tl input - PC5) 


tCI2H. tcl2L 
(Note 3) 

tiw 

Min 

T-50 




Min 

4T-100 

t|1H. t|1L 

Min 

36T (INT1) 

^DW 


Min 

2T-70 

<I2H. t|2L 

Min 

36T i\m2) 

tWDH 


Min 

2T-50 

Unh. ^ANL 

Min 

36T (AN4-AN7) 

%L 


Min 

4T-50 

tAL 

Min 

2T - 100 

tww 


Min 


tLA 

Min 

T-30 

tCYK 

12T (SCK input) (Note 1) 


Min 


Ur 

Min 

3T - 100 


24T (SCK output) 


Min 


Ud 

Max 

7T-220 

Ukl 

5T + 5 (SCK input) (Note 1) 


Min 


tlDR 

Max 

5T-200 


12T - 100 (SCK output) 


Min 

5T + 5 (SCK input) (Note 1) 

tRD 

Max 

4T-150 

Ukh 


Min 

12T-100 (SCK output) 

^LR 

Min 

T-50 





tRL 

Min 

2T-50 

Notes: 



tRR 

Min 

4T - 50 (Data read) 

(1) 1 X baud rate in synchronous or I/O interface mode: T = tcvc = 


Min 

7T - 50 (Opcode fetch) 

1 /Utal- 



tLL 

Min 

2T-40 

The items not included in this list are independent of oscillator 

tML 

Min 

2T - 100 

Event counter mode. 


^LM 

Min 

T-30 

f3) Pulse-width measurement mode. 

t|L 

Min 

2T - 100 





Data Memory STOP Mode Data Retention Characteristics 

Ta = -40 to 85''C 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Data retention power supply voltage 

VdDDR 

2.5 


5.5 

V 


Data retention power supply current 

•dddr 


1 

15 

juA 

VdDDR = 2.5 V 




15 

50 

A/A 

VdDDR = 5.0 V ±10% 





300 

/iA 

VdDDR = 2.4 V (A/PD78CP14) 





1 

mA 

VdDDR = 5.0 V ±5% CuPD78CP14) 

Vdd 

<RVD> ^FVD 

200 



JUS 


STOP setup time to Vqq 

tSSTVD 

12T+0.5 



fis 


STOP hold time from Vqd 

tHVDST 

12T+0.5 



fJS 
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^^CYC-^ 



Note: 

[1] lO signal Is output to the MODEO pin pf MODEO Is pulled up to VqqI during a 
read or write of special registers sr<sr2 or a write to register MM or MF. Refer 
to description of Port Emulation Mode [PEM] In the User’s Manual for further 
explanation. This signal is not output on the tJiPD78CP14. 
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Timing Waveforms (cont) 
Write Operation 








PPD78C14 Family 



Timing Waveforms (cont) 


Opcode Fetch Operation 
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Timing Waveforms (cont) 

Serial Operation Transmit/Heceive 



26 


















Timing Waveforms (cont) 
RESET Input 


AC Timing Test Points 
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fiPDlSCPU PROGRAMMING 

In the jL/PD78CP14, the mask ROM of the /iPD78C14 
family is replaced by a one-time programmable ROM 
(OTP ROM) or a reprogrammable, ultraviolet erasable 
ROM (UV EPROM). The ROM is 16,384 by 8 bits and can 
be programmed using a general-purpose PROM writer 

Table 3. 

Pin Functions during EPROM 
Programming 

Pin 

Function 

Description 

PA 0 -PA 7 

Aq - A 7 

Low-order 8 -bit address 

PFo 

As 

High-order 7-bit address 

ml 

Ag 


with a /iPD27C256A programming mode. Refer to ta¬ 

PF 2 -PF 6 

A 10 " Ai 4 


bles 3 through 5 and the DC and AC Programming 

PD 0 -PD 7 

Dq- D 7 

Data input/output 

Characteristics tables for specific information applica¬ 
ble to programming the pPD78CP14. 

PBg 


Chip enable input 

PB 7 

OE 

Output enable input 


RESET 

RESET 

PROM programming mode requires a 
low voltage on this pin 

Mode 0 

Mode 0 

Enter PROM programming mode by 
applying a high voltage to this pin 

Mode 1 

Mode i 

Enter PROM programming mode by 
applying a low voltage to this pin 

STOP 

Vpp 

High-voltage input (write/verify) high 
level (read) 


Table 4. Summary of Operation Modes for EPROM Programming 


Operation Mode 

CE 

OE 

Vpp 


RESET 

MODEO 

MODE1 

Ai4 

Program write 

L 

H 

-f-12.5V 

+ 6 V 

L 

H 

L 

L 

Program verify 

H 

L 

+12.5 V 

+ 6 V 

L 

H 

L 

L 

Program inhibit 

H 

H 

+12.5 V 

+ 6 V 

L 

H 

L 

L 

Read 

L 

L 

+ 5V 

+5V 

L 

H 

L 

L 

Output disable 

L 

H 

+ 5V 

+5V 

L 

H 

L 

L 

Standby 

H 

L/H 

+ 5V 

+5V 

L 

H 

L 

L 


Notes: 

(1) The CE, OE, Vpp, and Vqd pins are all compatible with the 
/iPD27C256A pins. 


Caution: When Vpp is set to +12.5 V and Vqd is set to +6 V, you 
cannot set both CE and OE to low level (L), 
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Table 5. Recommended Connections for 


Unused Pins (EPROM Programming 
Mode) 


Pin 

Recommended Connection Method 

INT1 

Connect to Vss 

X1 

Connect to Vss 

X2 

Leave this pin disconnected 

AN0-AN7 

Connect to Vss 

VAref 

Connect to Vss 

AVdd 

Connect to Vss 

AVss 

Connect to Vss 

Remaining pins 

Connect each pin via a resistor to Vss 


PROM Write Procedure 

(1) Connect the RESET pin, the M0DE1 pin, and A 14 
pin to a low level and connect the MODEO pin to a 
high level. Connect all unused pins as recom¬ 
mended in Table 5. 

(2) Apply +6 V to the Vdd pin and +12.5 V to the Vpp 
pin. 

(3) Provide the initial address. 

(4) Provide write data. 

(5) Provide 1-ms program pulse (active low) to the CE 
pin. 

( 6 ) This bit Is now verified with a pulse (active low) to 
the OE pin. If the data has been written, proceed to 
step 8 ; if not, repeat steps 4 to 6 . If the data cannot 
be correctly written after 25 attempts, go to step 7. 


PROM Read Procedure 

(1) Connect the RESET pin, the MODE1 pin, and A 14 
pin to a low level and connect the MODEO pin to a 
high level. 

(2) Apply +5 V to the Vdd snd Vpp pins. 

(3) Input the address of the data to be read to pins 
Ao - A14. 

(4) Read mode is ent^d with a pulse (active low) on 
both the CE and OE pins. 

(5) Data is output to the Do - Dy pins. 

EPROM Erasure 

Data in an EPROM is erased by exposing the quartz 
window in the ceramic package to light having a wave¬ 
length shorter than 400 nm, including ultraviolet rays, 
direct sunlight, and fluorescent light. To prevent unin¬ 
tentional erasure, mask the window. 

Typically, data is erased by 254-nm ultraviolet rays. A 
minimum lighting level of 15W-s/cm2 (ultraviolet ray 
intensity x exposure time) is required to completely 
erase written data. Erasure by an ultraviolet lamp rated 
at 12 mW/cm2 takes approximately 15 to 20 minutes. 
Remove any filter on the lamp and place the device 
within 2.5 cm of the lamp tubes. 


(7) Classify as defective and stop write operation. 

( 8 ) Provide write data and supply program pulse (for 
additional writing) for 3 ms times the number of 
repeats performed between steps 4 to 6 . 

(9) Increment the address. 

(10) Repeat steps 4 to 9 until the end address. 



fiPD78C14 Family 


fiPD78CP14 DC Programming Characteristics 

Ta = 25 ±5°C; MODE1 = Vil; MODEO = V|h; Vss = 0 V 

Parameter 

Symbol 

Symbol* 

Min 

Typ 

Max 

Unit 

Condition 

High-level input voltage 

V|H 

V|H 

2.2 


Vddp+ 0-3 

V 


Low-level input voltage 

V|L 

V|L 

-0.3 


0.8 

V 


Input leakage current 

•lip 

Ili 



±10 

juA 

0 < Vi < Vddp 

High-level output voltage 

VOH 

VoH 

Vdd ~ I O 



V 

Iqh = -1 -0 mA 

Low-level output voltage 

VoL 

VoL 



0.45 

V 

Iql = 2.0 mA 

Output leakage current 

•lo 




±10 

/iA 

0 ^ Vq ^ Vddp; = V|h 

Vddp power voltage 

Vddp 

Vcc 

5.75 

6.0 

6.25 

V 

Program memory write mode 




4.5 

5.0 

5.5 

V 

Program memory read mode 

Vpp power voltage 

Vpp 

Vpp 

12.2 

12.5 

12.8 

V 

Program memory write mode 





Vpp = Vddp 


V 

Program memory read mode 

Vddp power current 

•dd 

Ice 



30 

mA 

Program memory write mode 






30 

mA 

Program memory read mode; 
CE = V,l: V, = V|H 

Vpp power current 

Ipp 

Ipp 



30 

mA 

Program memory read mode; 
CE = V|l; OE = V|H 





1 

100 

/iA 

Program memory write mode 


* Corresponding symbols of the/iPD27C256A. 


/tPD78CPl4 AC Programming Characteristics 

Ta = 25 ±5”C; MODE1 = V|l; Vss = OV 


Parameter 

Symbol 

Symbol* 

Min 

Typ 

Max 

Unit 

Condition 

Address setup time to CE i 

tSAC 

Us 

2 



/iS 


Data to OE 1 delay time 

^DDOO 

^OES 

2 



/^s 


input data setup time to CE i 

tSIDC 

tDS 

2 



/iS 


Address hold time from CE t 

^HCA 

tAH 

2 



/iS 


Input data hold time from CE t 

^HCID 

^DH 

2 



/iS 


Output data hold time from OE t 

^HOOD 

tDF 

0 


130 

ns 


Vpp setup time to CE i 

tsvpc 

tvps 

2 



fJS 


Vddp setup time to CE i 

*SVDC 

Vds 

2 



/iS 


Initial program pulse width 

%L1 

tpw 

0.95 

1.0 

1.05 

ms 


Additional program pulse width 

tWL2 

topw 

2.85 


78.75 

ms 


MODEO/MODE1 setup time vs. CE i 

^SMC 


2 



fJS 

MODE1 = V|L and MODEO = V|h 

Address to data output time 

tDAOD 

Ucc 



2 

/iS 

_j 

> 

fl 

IS 

CE i to data output time 

tDCOD 

tCE 



1 

//s 


OE 4 to data output time 

tDOOD 

tOE 



1 

/iS 


Data hold time from OE T or ^ t 

tHCOD 

^DF 

0 


130 

ns 


Data hold time from address 

^HAOD 

^OH 

0 



ns 

> 

|LU 

lo 


* Corresponding symbols of the /iPD27C256A. 
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PPD78C14 Family 



PROM Timing Diagrams (cont) 

mPD78CP14 prom Read Mode 



Notes: 

(1) To read PROM within the Idaod range, the delay of from CEI must be within t daoCT * DOOD* 

(2) t^QQQ Is the time from the state In which either OE or CE first becomes V|^. 
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jLfPD78C18 Family 
/iPD78C17/C18/CP18 
NEC Electronics Inc. Single-Chip Microcontrollers 

With A/D Converter 

September 1993 



Description 

The /L/PD78C18 family Is an expanded memory version 
of the ^PD78C14 family of 8-bit CMOS single-chip 
microcontrollers. 

These microcontrollers integrate sophisticated on- 
chip peripheral functions normally provided by exter¬ 
nal components. Their Internal 16-bit ALU and data 
paths, combined with a powerful instruction set and 
addressing capability, make the devices appropriate in 
data processing as well as control applications. 

The devices Integrate a 16-bit ALU, 32K-byte ROM, 
1024-byte RAM, an eight-channel A/D converter, a mul¬ 
tifunction 16-bit timer/event counter, two 8-bit timers, a 
USART, and two zero-crossing detect inputs on a single 
die, allowing their use in fast, high-end processing 
applications. 

The pPD78C18 family includes a 32K-byte mask ROM 
device, embedded with a customer program, a ROM- 
less device for use with up to 64K bytes of external 
memory, and a 32K-byte EPROM or OTP ROM device for 
prototyping and low-volume production. The/yPD78C18 
may also be ordered with pullup resistors that are 
available as a mask option for ports A, B, and C. 

Features 

□ CMOS technology 

□ 30 mA operating current (/L/PD78C17/C18) 

□ Complete single-chip microcontroller 

— 16-bit ALU 

— 32K-byte ROM 

— 1024-byte RAM 


□ 40 I/O lines 

□ Pullup resistors for the mask option 

— Ports A, B, and C 

—/iPD78C18 device only 

□ Two zero-crossing detect inputs 

□ Two 8-bit timers 

° Four edge-detection inputs (AN4-AN7) 

□ Expansion capabilities 

— 8085A-like bus 

— 64K-byte external memory address range 

□ Eight-channel, 8-bit A/D converter 

— Autoscan mode 

— Channel select mode 

□ Full-duplex USART (synchronous and 
asynchronous) 

□ 159 instructions 

— 16-bit arithmetic, multiply, and divide 

— HALT and STOP instructions 

□ 0.8 /iS instruction cycle time (15 MHz operation) 

□ Prioritized interrupt structure 
—Three external 

— Eight internal 

□ Standby function 

□ On-chip clock generator 
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Ordering Information 

Part Number (Note 1) 

Package 

Package Drawing 

Quality Grade (Note 3) 

ROMIess 

/iPD78C17CW 

64-pin SDIP 

P64C-70-750A, C 

Standard 

GF-3BE 

64-pin QFP (Note 2) 

P64GF-100-3B8, 3BE-1 

Standard 

GF(A)-3BE 



Special 

GQ-36 

64-pin QUIP 

P64GQ-100-36 

Standard 

GQ(A)-36 



Special 

32K Mask ROM 

A/PD78C18CW-XXX 

64-pin SDIP 

P64C-70-750A, C 

Standard 

GF-XXX-3BE 

64-pin QFP (Note 2) 

P64GF-100-3B8, 3BE-1 

Standard 

GF{A)-xxx-3BE 



Special 

GQ-xxx-36 

64-pin QUIP 

P64GQ-100-36 

Standard 

GQ(A)-xxx-36 



Special 

32KOTPROM 

/iPD78CP18CW 

64-pin SDIP 

P64C-70-750A, C 

Standard 

GF-3BE 

64-pin QFP (Note 2) 

P64GF-100-3B8, 3BE-1 

Standard 

GF(A)-3BE 



Special 

GQ-36 

64-pin QUIP 

P64GQ-100-36 

Standard 

GQ(A)-36 



Special 

32KUV EPROM 

A/PD78CP18DW 

64-pin SDIP w/window 

P64C-70-750A, C 

Standard 

KB 

64-pin ceramic LCC w/window 

X64KW-100A-1 



Note: 

(1) XXX indicates ROM code suffix. 

(2) Engineering samples supplied in a ceramic QFP package 

(3) Special grade devices have the symbol (A) embedded in the part 
number 
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Pin Configurations 

64-Pin Plastic QUIP or Plastic Shrink DIP 

PAq C 

"T^ 

64 


PAi C 

2 

63 

□ STOP 

PA 2 C 

3 

62 

□ PD 7 

PA 3 II 

4 

61 

□ PDe 

PA 4 II 

5 

60 

□ PDg 

PAgC 

6 

59 

□ PD 4 

PAeC 

7 

58 

□ PD 3 

PA 7 C 

8 

57 

□ PD 2 

PBq H 

9 

56 

□ PDi 

PBi C 

10 

55 

□ PDq 

PB 2 II 

11 

54 

□ PF 7 

PB 3 C 

12 

53 

□ PFe 

PB 4 C 

13 

52 

=1PF5 

PB 5 II 

14 

51 

□ PF 4 

PBeC 

15 

50 

□ PF 3 

PByC 

16 

49 

□ PF 2 

PCq/TxD C 

17 

48 

□ PFi 

PCi/RxDC 

18 

47 

□ PFq 

PC 2 /SCK C 

19 

46 

□ ale 

PC 3 /TI/iNT 2 C 

20 

45 

□ WR 

PC 4 /TOC: 

21 

44 

□ RD 

PC 5 /CIII 

22 

43 

=Iavdd 

pce/coo c 

23 

42 

^ Varef 

PC 7 /C 01 c 

24 

41 

□ AN7 

NMlC 

25 

40 

□ AN 6 

INTI C 

26 

39 

□ AN5 

MODE1 C 

27 

38 

□ AN4 

RESET C 

28 

37 

□ AN3 

MODEO C 

29 

36 

□ AN2 

X 2 c: 

30 

35 

□ AN1 

xm 

31 

34 

P ANO 


32 

33 

P AVss 

8m-92B1A-7/93 
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Pin Identification 


Symbol 

Function 

ALE 

Address latch enable output 

AN0-AN7 

A/D converter analog inputs 0-7 

INT1 

Interrupt request 1 input 

MODEO 

Mode 0 input; I/O memory output 

MODE1 

Mode 1 input 

tM 

Nonmaskable interrupt input 

PA0-PA7 

Port A I/O lines 0-7 

PB0-PB7 

Port B I/O lines 0-7 

PCq/TxD 

Port C I/O line 0; transmit data output 

PCi/RxD 

Port C I/O line 1; receive data input 

PCg/S^ 

Port C I/O line 2; serial clock I/O 

PC3/TI/l]Tf2 

Port C I/O line 3; timer input; interrupt request 
2 input 

PC4/TO 

Port C I/O line 4; timer output 

PC5/CI 

Port C I/O line 5; counter input 

PC0 and PC7/ 
COq and CO-| 

Port C I/O lines 6 and 7; 
counter outputs 0 and 1 

PD0-PD7 

Port D I/O; expansion memory address, data 
bus (bits AD0-AD7) 

PF0-PF7 

Port F I/O; expansion memory address, 

(bits ABs-AB-is) 


Read strobe output 

RESET 

Reset input 

STOP 

Stop mode control input 

Varef 

A/D converter reference voltage 

WR 

Write strobe output 

X1 and X2 

Crystal connections 1 and 2 

AVdd 

A/D converter power supply voltage 

AVss 

A/D converter power supply ground 

Vdd 

+ 5 V power supply 

Vss 

Ground 

IC 

Internal connection 


Pin Functions 

ALE (Address Latch Enable). The ALE output Is used 
to strobe the address of PD 0 -PD 7 into an external latch. 

AN0-AN7 (Analog Inputs). AN0-AN7 are the eight an¬ 
alog inputs to the A/D converter. AN4-AN7 can also be 
used as digital inputs for falling edge detection. 

Cl (Counter Input). Cl isthe external pulse input to the 
timer/event counter. 


COo and COi (Counter Outputs). COq and CO 1 are 
programmable waveform outputs from the timer/event 
counter. 

INTI (Interrupt Request 1). INT1 is a rising edge- 
triggered, maskable interrupt Input, as well as an ac- 
input, zero-crossing detection terminal. 

INT2 (Interrupt Request 2). INT2 is a falling edge- 
triggered, maskable interrupt input, as well as an ac- 
input, zero-crossing detection terminal.. 

If the optional pullup resistor Is specified for this pin on 
the^PD78C18, the zero-crossing detection circuitry will 
not function. 

MODEO and MODE1 (Mode). For the /iPD78G17, the 
size of the external ly i nstal led memory can be selected 
as 4K, 16K, or 63K bytes by setting the MODEO and 
MODE1 pins. 

Forthe/iPD78C18, the MODEO pin Is set to 0 (logic low). 
The MODE1 pin Is pulled high with a pullup resistor. 

For the /iPD78C17/018, an external pullup resistor to 
Vdd is required. If the mode pin is to be a logic high. The 
value of this pullup resistor, R, is dopondont on tcvc 
and is calculated as follows: R in kO is 4 < R 0.4 
tcYC» where tcvc is in ns units. 

NMi (Nonmaskable Interrupt). NMI is a falling odgo, 

Schmitt-triggered nonmaskable interrupt input. 

PA0-PA7 (Port A). Port A is an 8 -blt three-state port. 
Each bit is Independently programmable as either 
Input or output. The reset signal causes all lines of port 
A to be Inputs. Pullup resistors are available as a mask 
option on the ^PD78C18. 

PB0-PB7 (Port B). Port B Is an 8 -blt three-state port. 
Each bit is independently programmable as either 
input or output. The reset signal causes all lines of port 
B to be inputs. Pullup resistors are available as a mask 
option on the /iPD78C18. 

PC0-PC7 (Port C). Port 0 Is an 8 -bit three-state port. 
Each bit is independently programmable as either 
input or output. Alternatively, the lines of port 0 can be 
used as control lines for the USART, Interrupts, and 
timer. The reset signal causes all lines of port 0 to be 
inputs. Pullup resistors are available as a mask option 
on the /iPD78C18. 
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PD0-PD7 (Port D). Port D is an 8-bit three-state port. It 
can be programmed as either 8 bits of input or 8 bits of 
output. When external expansion memory is used, port 
D functions as the multiplexed address/data bus. 

PF0-PF7 (Port F). Port F is an 8-bit three-state port. 
Each bit is independently programmable as either 
input or output. When external expansion memory Is 
used, port F outputs the high-order address bits. 

RD (Read Strobe). The strobe signal, when output for 
read operation of external memory, operates as fol¬ 
lows. The signal is high, except during a data read 
machine cycle. It becomes a high output impedance 
when the RESET signal is low or when the device Is in 
hardware stop mode. 

RESET (Reset). When the Schmitt-triggered RESET In¬ 
put goes low, it initializes the device. 

RxD (Receive Data). RxD is the serial data input ter¬ 
minal. 

SCK (Serial Clock). SCK is t he se rial clock output 
when the Internal clock is used. SCK is the input for the 
serial clock when the external clock is used. 

STOP (Stop Mode Control Input). A low-level input on 
STOP (Schmitt-triggered Input) stops the system clock 
oscillator. 

Tl (Timer Input). Tl is the timer input terminal. 


TO (Timer Output). The output of TO is a square wave 
with a frequency determined by the timer/counter. 

TxD (Transmit Data).TxD is the serial data output 
terminal. 

Varef (A/D Converter Reference). Varef functions as 
an Input pin for the A/D converter reference voltage 
and as the control pin for A/D converter operation. 

WR (Write Strobe). The strobe signal, when output for 
the write operation of external memory, operates as 
follows. The signal Is high, except during a data write 
machine cycle. It becomes a high output Impedance 
when the RESET signal is low or when the device is in 
hardware stop mode. 

XI and X2 (Crystal Connections). X1 and X2 are the 
system clock crystal oscillator terminals. X1 Is also the 
input for an external clock. 

AVdd (A/D Converter Power). This is the power supply 
voltage for the A/D converter. 

AVss (A/D Converter Ground). AVss is the ground 
potential for the A/D converter power supply. 

Vdd (Power Supply). Vdd is the -i-5-volt power supply. 

Vss (Ground). Vss is the ground potential for the +5- 
volt device power supply. 
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Block Diagram 
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FUNCTIONAL DESCRIPTION 
Memory Map 

The /iPD78C18 family can directly address up to 64K 
bytes of memory. Except for the on-chip ROM (or 
PROM) and RAM (FCOOH-FFFFH), any memory loca¬ 
tion can be used as ROM or RAM. The memory maps, 
shown in figures 1 through 3, define the 0 to 64K-byte 
memory space for the /iPD78C18 family. 


The jLiPD78CP18 can be programmed by software to 
have 4K, 8K, 16K, or 32K bytes of internal program 
memory. This programming is transparent to a ROM- 
based device, allowing easy transfer of code. 


Figure 1, Memory Map (/iPD78Cl7) 



OOOOH RESET 


0004H NMI 


0008H INTT0/INTT1 


001 OH INT1/INT2 


External Memory 
64,512 Wx8 


0018H INTEtVINTEI 


0020H INTEIN/INTAD 


On-ChIp RAM 
1024 Wx 8 


0028H INTSR/INTST 



Can only be used when the RAE bit 
of the MM register is 1. 
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Figure 3. Memory Map OiPD78CPl8) 


OOOOH RESET 


I I I I 

i § S 5 

i i i i 

Q Q O O 

0 . 0 . Q. a. 

i. i i 


On-ChIp PROM 
Mode 

D78C11A: 4,096 x8 
D78C12A: 8,192x8 
D78C14/C14A: 16,384 x8 
D78C18: 32,768 x8 


0008H IN7T(yiNTT1 


001 OH INT1/INT2 


Vector! 0018H 
Area 


External Memory 


INTEIN/INTAD 


Mode 

D78C11A: 61,148X8 ^ 
D78C12A: 57,088 X8 
D78C14/14A: 48,986 X8 
D78C18; 31,744X8 



Call Table ^ 
Area 


On-ChIp RAM 
Mode 

D78C11A: 256X8 
D78C12A: 256X8 
D78C14/14A: 256X8 
D78C18: 1,024 X8 


User's Area 
Remaining 
On-chIp PROM 
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Input/Output 

The/iPD78C18family has 40 digital I/O lines, consisting 
of five 8-bit ports (ports A, B, C, D, and F), and four 
digital input lines (AN4-AN7). 

Analog Input Lines. AN0-AN7 are configured as ana¬ 
log input lines for the on-chip A/D converter. Lines 
AN4-AN7 can be used as digital input lines for falling 
edge detection. 

Port A, Port B, Port C, and Port F. Each line of these 
ports can be individually programmed as an input or 
output. When used as I/O ports, all have latched out¬ 
puts and high impedance inputs. On the /iPD78C18, 
pull up resistors are available as a mask option for ports 
A, B, and C. 

Port D. Port D can be programmed as a byte input or 
a byte output. 

Control Lines. Under software control, each line of 
port C can be configured individually as a control line 
for the serial interface, timer, and timer/counter or as an 
I/O port. 

Memory Expansion. In addition to the single-chip op¬ 
eration mode, the jL/PD78C18 family has four memory 
expansion modes. Under software control, port D can 
provide a multiplexed low-order address and data bus; 
port F can provide a high-order address bus. Table 1 
shows the relationship between the memory expansion 
modes and the pin configurations of port D and port F. 


Table 1. Memory Expansion Modes and Port 
Configurations 


Memory Expansion 

Port 

Port Configuration 

None 

Port D 

I/O port 


PortF 

I/O port 

256 bytes 

Port D 

Multiplexed address/ 
data bus 


PortF 

I/O port 

4K bytes 

Port D 

Multiplexed address/ 
data bus 


Port F (PF 0 -PF 3 ) 

Address bus 


Port F (PF 4 -PF 7 ) 

I/O port 

16K bytes 

Port D 

Multiplexed address/ 
data bus 


Port F (PF 0 -PF 5 ) 

Address bus 


Port F (PF 6 -PF 7 ) 

I/O port 

32K/48K/56K/60K bytes 
(Note 1) 

Port D 

Multiplexed address/ 
data bus 


Port F 

Address bus 


Note: 

(1) Set according to bits MM7 to MM5, 
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Timers 

The two 8"bit timers can be programmed indepen¬ 
dently or cascaded as a 16-bit timer. The timer can be 
set by software to increment at Intervals of four ma¬ 
chine cycles (0.8jL/s at 15 MHz operation) or 128 ma¬ 
chine cycles (25.6 fjs at 15 MHz), or to increment on 
receipt of a pulse at Tl. Figure 4 Is the block diagram for 
the timer. 

Timer/Event Counter 

The 16-bit multifunctional timer/event counter, shown 
in figure 5, can be used for the following operations: 

• Interval timing 

• External event counting 

• Frequency measurement 

• Pulse-width measurement 

• Programmable frequency and duty cycle waveform 
output 

• Single-pulse output 


8-Bit A/D Converter 

The 8-bit A/D converter provides the following: 

• Eight input channels 

• Four conversion result registers 

• Two powerful operation modes 
— Autoscan 

— Channel select 

• Successive approximation technique 

• Absolute accuracy: 0.6% FSR ±1/2 LSB 

• Conversion range: 0 to 5 V 

• Conversion time: 38.4 fJs 

• Interrupt generation 


Figure 4. Timer Block Diagram 
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Analog/Digital Converter 

The juPD78C18 family features an 8-bit, high-speed, 
high accuracy A/D converter. The A/D converter is 
comprised of a 256-resistor ladder and a successive 
approximation register (SAR). There are four conver¬ 
sion result registers (CR0-CR3). 

The eight-channel analog input can be operated In two 
different modes. In the select mode, the conversion 
value of one analog input is sequentially stored in 
CR0-CR3. In the scan mode, either the upper four 
channels or the lower four channels may be specified. 
The four channels specified will be consecutively se¬ 
lected and the conversion results stored sequentially in 
the four conversion result registers. 

Figure 6 is the block diagram for the A/D converter. To 
stop the operation of the A/D converter and reduce the 
power consumption, set Varef = 0 V. 

Interrupt Structure 

There are 12 interrupt sources In the jL/PD78C18 family. 
Three are external and nine are internal interrupt 
sources. Table 2 shows 11 interrupt sources divided 
Into seven priority levels, where IRQO Is the highest and 
IRQ6 is the lowest. See figure 7. 


Figure 6. A/D Converter Block Diagram 
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Table 2. Interrupt Sources 


Interrupt Request 

Interrupt Address 

Type of Interrupt 

Internal/External 

IRQO 

4 

NMI (nonmaskable interrupt) 

External 

IRQ1 

8 

INTTO, INTT1 (coincidence signals from timers 0, 1) 

Internal 

IRQ2 

16 

INTI, INT2 (maskable interrupts) 

External 

IRQ3 

24 

INTEO, INTE1 (coincidence signals from timer/event counter) 

Internal 

IRQ4 

32 

INTEIN (falling signal of Cl or TO into the timer/event counter) 

Internal or External 



INTAD (A/D converter interrupt) 

Internal 

IRQ5 

40 

INTSR (serial receive interrupt) 

Internal 



INST (serial send interrupt) 


IRQ6 

96 

SOFTI instruction 

Internal 


Standby Modes 

The /iPD78C18 family has two standby modes: HALT 
and STOP. 

HALT Mode. The HALT mode reduces power consump¬ 
tion to 50% of normal operating requirements, while 
maintaining the contents of on-chip registers, RAM, 
and control status. The system clock and on-board 
peripherals continue to operate, but the CPU stops 
executing instructions. The HALT mode is initiated by 
executing the HLT instruction and can be released by 
any nonmasked interrupt or by RESET. 

STOP Mode. The STOP mode reduces power con¬ 
sumption to less than 0.1% of normal operating re¬ 
quirements. There are two stop modes: type A and type 
B. 

Type A is initiated by executing a STOP instruction. If 
Vdd is held above 2.5 V, the contents of the on-board 
RAM are saved. The oscillator is stopped. T he stop 
mode can be released by an input on NMI or RESET 
The user can program oscillator stabilization time up 
to 52.4 ms via timer 1. By checking the standby flag 
(SB), the user can determine whether the processor 
has been in the standby mode or has been powered up. 

Type B is initiated by inputting a low level on the STOP 
Input. The RAM contents are saved if Vqd is held above 
2.5 V. The oscillat or is s topped. The stop mode is 
released by raising STOP to a high level. The oscillator 
stabilization time Is fixed at 52.4 ms; instructions will 
auto matica lly begin executing at location 0, 52.4 ms 
after STOP Is ra ised. Yo u can increase the stabilization 
time by holding RESET low for the required time period. 

Universal Serial Interface 

The serial Interface can operate in one of three modes: 
synchronous, asynchronous, and I/O interface. I/O in¬ 
terface mode transfers data most significant bit (MSB) 


first, for ease of interfacing to certain NEC peripheral 
devices. Synchronous and asynchronous modes trans¬ 
fer data least significant bit (LSB) first. Synchronous 
operation offers two modes of data reception: search 
and nonsearch. In the search mode, data is transferred 
one bit at a time from the serial register to the receive 
buffer. This allows a software search for a synchronous 
character. In the nonsearch mode, data going from the 
serial register to the transmit buffer is transferred eight 
bits at a time. Figure 8 shows tiio universal serial 
interface block diagram. 

ZerO’Crossing Detector 

The INTI and INT2 (common to T1 and PC 3 ) terminals 
can detect the zero-crossing point of low-frequency AC 
signals. When driven directly, these pins respond as a 
normal digital Input. Figure 9 shows the zero-crossing 
detection circuitry. 

The zero-crossing detection capability allows you to 
make the 50-60 Hz power signal the basis for system 
timing and to control voltage phase-sensitive devices. 

To use the zero-crossing detection mode, an AC signal 
of 1.0 to 1.8 V (peak to peak) and a maximum frequency 
of 1 kHz i s coup led through an external capacitor to the 
INTI and INT2 pins. 

For the INTI pin, the internal digital state is sensed as 
a 0 until the rising edge crosses the average DC level. It 
then becomes a 1 and an INTI Interrupt is generated. 

For the INT2 pin, the state Is sensed as a 1 until the 
falling edge cros ses the average DC level. It then 
becomes a 0 and INT2 Is generated. 
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Figure 8. Universal Serial interface Block Diagram 



Figure P. Zero-Crossing Detection Circuit 
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ELECTRICAL SPEC IFICATIONS 
Absolute Maximum Ratings, ^PD78C17/C18 

Ta - 25°C_ 


Power supply voltage, Vqd 

AVdd 

AVss 

Vpp (^PD78CP18 only) 

-0.5 to +7.0 V 
AVss to Vdd+ 0.5V 
-0.5 to + 0.5 V 
-0.5 to +13.5 V 

Input voltage, V| 

-0.5 to Vdd+0.5V 

Output voltage, Vq 

-0.5 to Vdd+ 0.5 V 

Output current, low; Iql 

Each output pin 

4.0 mA 

Total 

100 mA 

Output current, high; Iqh 

Each output pin 

-2.0 mA 

Total 

-50 mA 

Reference input voltage, VAppp 

-0.5 to AVdd + 0.3 V 

Operating temperature, Tqpr 
( fXTAL^ 15 MHz) 

-40 to +85°C 

Storage temperature, Tsjg 

-65 to +150°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma¬ 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 


Capacitance 

Ta= 2S°C;Vdd= Vss= OV 


Parameter 

Symbol 

Max 

Unit 

Conditions 

Input capacitance 

Cl 

10 

pF 

fc = 1 MHz; 

Output capacitance 

Co 

20 

PF 

unmeasured pins 
returned to OV 

I/O capacitance 

C|0 

20 

pF 
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Oscillation Characteristics 

Ta = -40 to +85°C; VpD = AVpp = 5 V ± 10%; Vss = AVss = 0 V; VpD - 0.8 V s AVpD < Vop; 3.4 V s Varef s AVpD 


Resonator 

Recommended 

Circuit 

Parameter 

Min Typ 

Max 

Unit 

Conditions 

Ceramic resonator (Note 1) or 

(Note 3) 

Oscillation frequency (fxx) 

4 

15 

MHz 

A/D converter not used 

crystal oscillator PCTAL) (Note 2) 



5.8 

15 

MHz 

A/D converter used 

External clock 

(Note 4) 

XI input frequency (fx) 

4 

15 

MHz 

A/D converter not used 




5.8 

15 

MHz 

A/D converter used 



XI input, rise, fall time (tp tf) 

0 

20 

ns 




X^ input low- and high-level 
width (t0L. 10 h) 

20 

250 

ns 



Notes: 


(1) Refer to the Resonator and Capacitance Requirements table for 
the recommended ceramic resonators, 

(2) When using a crystal oscillator, it should be a parallel-resonant, 
fundamental mode, “AT cut" crystal. Capacitors C1 and C2 are 
required for frequency stability. The values of C1 and C2 (C1 = 
C2) can be calculated from the load capacitance (Cl), specified 
by the crystal manufacturer: 


(3) For XTAL, see the Recommended XTAL or Ceramic Resonator 
Oscillation Circuit Diagram. 

(4) See the Recommended External Clock Diagram. 


Cl 


C1 X C2 
Cl + C2 


+ Cs 


Where Cs is any stray capacitance in parallel with the crystal. 


17 




JIIPD78C18 Family 



RecommendedXTAL or Ceramic Resonator 
Oscillation Circuit Diagram 


r 





XI 




i 1 J 

Lf 


1 I 

—i_ 

X2 

L-. 




External oscillation circuit should be as dose to the 
XI and X2 pins as possible. 

Do not place other signal lines in the shaded area. 


Resonator and Capacitance Requirements 


Ta = -40 to +85°C 


Manufacturer 

Product Number 

C1,C2(pF) 

Murata 

CSA15.00MX001 

22 


CST15.00MXW001 

None required 


CSA10.0MT 

30 


CST10.0MTW 

None required 


CSA8.00MT 

30 


CST8.00MTW 

None required 

TDK 

FCR15.0MC 

None required 


FCR10.0 

None required 


FCR8.0 

None required 


Recommended External Clock Diagram 
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DC Characteristics 

Ta = -40 to +85°C; Vod = 

AVdd = +5.0V 

± 10 %; Vss = 

AVss = 

OV 



Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Input voltage, low 

V|L 1 

0 


0.8 

V 

All except the Note 1 inputs 


V|L 2 

0 


0.2 Vqd 

V 

Note 1 inputs 

Input voltage, high 

V|H 1 

2.2 


VdD 

V 

All except XI, X2, and the Note 1 inputs 


V|H 2 

0.8 Vqd 


Q 

o 

> 

V 

XI, X2, and the Note 1 inputs 

Output voltage, low 

VoL 



0.45 

V 

Iql = 2.0 mA 

Output voltage, high 

X 

< 

o 

o 

1 

b 



V 

Iqh ~ -0 mA 



Vqd - 0.5 



V 

Iqh = -100//A 

Input current 

l |1 



±200 

/iA 

INTI (Note 2): Tl (PC 3 ) (Note 3); 0 V < V| 

^ Vqd 

Input leakage current 

'Ll 



±10 

A/A 

All except INTI ; Tl (PC 3 ): 0 V < V| < Vqq 





±1 

/iA 

AN7-0; 0 V < V| < Vqd (//PD78C17(A)/ 
C18(A)/CP18(A) only) 

Output leakage current 

■lo 



±10 

//A 

ov< Vo^ Vqd 

AVqd supply current 

AIdD1 


0.5 

1.3 

mA 

f = 15 MHz 


AIdD2 


10 

20 

/iA 

Stop mode 

Vqd supply current 

'ddi 


16 

30 

mA 

Normal operation; f = 15 MHz 


IdD2 


7 

13 

mA 

Halt mode; f = 15 MHz 

Data retention voltage 

VdDDR 

2.5 



V 

Stop mode 

Data retention current 

■dddr 


1 

15 

/iA 

VddDR = 2.5 V (Note 4) 




10 

50 

//A 

VdDDR = 5.0 V ±10% (Note 4) 

Pullup resistor 

Rl 

17 

27 

75 

kC 

Ports A, B, C; 3.5 V < Vqq < 5.5 V; 

V| = OV (mPD 78C18/C18(A) only) 


Notes: 

(1) Inputs RESET, STOP, 1^, SCK, INT1, Tl, and AN4-AN7. 

(2) Assuming ZCM register is set to self-bias. 

(3) Assuming ZCM register is set to self-bias and the MCC register is 
set to the control mode. 

(4) Hardware/software stop mode and assuming ZCM register is set 
so that self-bias is not selected. 





pPD78C18 Family 





NEC 

AC Characteristics 






Ta = -40 to +85"C; Vqd = AVdd = 

-I-5.0V ±10%; Vss = 

AVss = OV 




Parameter 

Symbol 

Min 

Max 

Unit 

Conditions 

RESET pulse width high, low 

^RSH.^RSL 

10 


fJS 


NMI pulse width high, low 

Inih. ^NIH 

io 


jUS 


XI Input cycle time 

tcYC 

66 

250 

ns 





167 

ns 

(Note 1) 

Address setup to ALE i 

^AL 

30 


ns 

(Notes 2, 3) 

Address hold from ALE i 

^LA 

35 


ns 

(Notes 2, 3) 

Address to RD i delay time 

Ur 

100 


ns 

(Notes 2, 3) 

RD I to address floating 

Ufr 


20 

ns 

(Note 3) 

Address to data input 

Ud 


250 

ns 

(Notes 2, 3) 

ALE i to data input 

^LDR 


135 

ns 

(Notes 2, 3) 

RD i to data input 

^RD 


120 

ns 

(Notes 2, 3) 

ALE i to RD 1 delay time 

^LR 

15 


ns 

(Notes 2, 3) 

Data hold time from RD t 

Irdh 

0 


ns 

(Note 3) 

RD t to ALE t delay time 

Irl 

80 


ns 

(Notes 2, 3) 

RD width low 

Ur 

215 


ns 

Data read (Notes 2, 3) 



415 


ns 

Opcode fetch (Notes 2, 3) 

ALE width high 

tLL 

90 


ns 

(Notes 2, 3) 

Ml setup time to ALE i 

1ml 

30 


ns 

(Note 3) 

Ml hold time after ALE 4 

Ilm 

35 


ns 

(Note 3) 

lO/M setup time to ALE i 

1|L 

30 


ns 

(Note 3) 

lO/M hold time after ALE 4 

Ili 

35 


ns 

(Note 3) 

Address to WR 4 delay 

Iaw 

100 


ns 

(Notes 2, 3) 

ALE 4 to data output 

IlDW 


180 

ns 

(Notes 2, 3) 

WR 4 to data output 

IWD 


100 

ns 

(Note 3) 

ALE 4 to WR 4 delay time 

iiw 

15 


ns 

(Notes 2, 3) 

Data setup time to WR t 

Idw 

165 


ns 

(Notes 2, 3) 



127 


ns 

(Note 1) 

Data hold time from WR t 

IWDH 

60 


ns 

(Notes 2, 3) 

WR t to ALE t delay time 

IWL 

80 


ns 

(Notes 2, 3) 

WR width low 

iww 

215 


ns 

(Notes 2, 3) 


Notes: 

(1) /iPD78CP18 only. 

(2) Load capacitance Cl = 100 pF. 

(3) Values are for 15 MHz operation. For operation at other frequen¬ 
cies, refer to the table labeled Bus Timing Dependent on tcYC- 
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pPD78C18 Family 


Serial Operation 

Parameter 


Symbol 

Min 


Max 

Unit 

Conditions 

SCK cycle time 


tCYK 

0.8 




SCK input (Notes 1, 3) 




0.4 



fJS 

SCK input (Note 2) 




1.6 



/JS 

SCK output (Note 3) 

SC K width low 


Ikkl 

335 



ns 

SCK input (Notes 1, 3) 




160 



ns 

SCK input (Note 2) 




700 



ns 

SCK output (Note 3) 

SCK width high 


Ikkh 

335 



ns 

SCK input (Notes 1,3) 




160 



ns 

SCK input (Note 2) 




700 



ns 

SCK output (Note 3) 

RxD setup time to SCK t 


tRXK 

80 



ns 

(Note 1) 

RxD hold time after SCK t 


Ikrx 

80 



ns 

(Note 1) 

SCK i TxD delay time 


Iktx 



210 

ns 

(Note 1) 

Notes: 








(1) 1 X baud rate in asynchronous, synchronous, and I/O interface 
modes. 





(2) 16 X baud rate or 64 x baud rate in asynchronous mode. 





(3) ^XTAL = 15 MHz. 








Zero-Crossing Characteristics 






Parameter 


Symbol 

Min 


Max 

Unit Condition 

Zero-crossing detection input 

Vzx 

1 


1.8 

VACp_p AC couplod f'.O tU' nino wavo 

Zero-crossing accuracy 


Azx 



±135 mV 


Zero-crossing detection Input frequency 

^zx 

0.05 


1 

kHz 


A/D Converter Characteristics 

Ta = -40 to +85°C; Vfjo = +5.0 V ±10%; Vss = AVss = 

OV; VpD- 0.5 V < AVqd 

< Vdd; 3.4 V < Varef ^ AVdd 

Parameter 

Symbol 

Min Typ 

Max 

Unit 


Conditions 


Resolution 


8 


bits 




Absolute accuracy 
(Note 1) 



±0.4 

%FSR 


Ta = -10 to 4-70°C: 66 ns < t 
4.0 V < Varef ^ aVdd 

QYC — 170 ns; 




±0.6 

%FSR 


66 ns < tQYC V 

^ Varef ^ AVdd 




±0.8 

%FSR 


66 ns < tcYC ^ 170 ns; 3.4 V 

^ Varef ^ aVdd 

Conversion time 

ICONV 

576 


tcYC 


66 ns < tQYC — 110 n® 




432 


tcYC 


110 ns < tcYC ^ 170 ns 


Sampling time 

ISAMP 

96 


ICYC 


66 ns < tQYC — 110 ns 




72 


ICYC 


110 ns ^ tcYC ^ 170 ns 


Analog input voltage 

V|AN 

0 

Varef 

V 




Analog Input impedance 

Ran 

1000 


MO 




Reference voltage 

Varef 

3.4 

AVdd 

V 




Varef current 

•are FI 

1.5 

3.0 

mA 


Operation mode 



•aREF2 

0.7 

1.5 

mA 


Stop mode 



2b 
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jiPD78C18 Family 


A/D Converter Characteristics (cont) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

AVqd supply current 

AIddi 


0.5 

1.3 

mA 

Operation mode; fxTAL = 15 MHz 


AIdD 2 


10 

20 

jl/A 

Stop mode 

Notes: 

(1) Quantizing error (± 

1/2 LSB) is not included. 



(2) FSR = 

full-scale resolution. 


Bus Timing Dependent on tcvc 


Symbol 

Min/Max (ns) 

Calculation Formuia 

ItIH. ItIL 

Min 

6 T (Tl input - PC 3 ) 

1 CI 1 H. ICIIL 
(Note 2) 

Min 

6 T (Tl Input - PC 5 ) 

1 CI 2 H. 1 CI 2 L 
(Note 3) 

Min 

48T (Tl input - PC 5 ) 

t|1H. 1|1L 

Min 

36T (INTI) 

1 | 2 H> 1 | 2 L 

Min 

36T (iNT2) 

Ianh. Ianl 

Min 

36T (AN4-AN7) 

Ial 

Min 

2T - 100 

Ila 

Min 

T-30 

Iar 

Min 

3T-100 

Iad 

Max 

7T-220 

Ildr 

Max 

5T-200 

IrD 

Max 

4T-150 

IlR 

Min 

T-50 

Irl 

Min 

2T-50 

tRR 

Min 

4T - 50 (Data read) 


Min 

7T - 50 (Opcode fetch) 

tLL 

Min 

2T-40 

1ml 

Min 

2T- 100 

Ilm 

Min 

T-30 

t|L 

Min 

2T - 100 

111 

Min 

T-30 

Iaw 

Min 

3T- 100 

Ildw 

Max 

T-f- 110 



T -H 130 (Note 7) 


Symbol 

Min/Max (ns) 

Calculation Formula 

iiw 

Min 

T-50 

Idw 

Min 

4T- 100/4T-140 (Note 7) 

IWDH 

Min 

2T-70 

IWL 

Min 

2T-50 

tww 

Min 

4T - 50 

ICYK 

Min 

24T (SCK output) 


Min 

12T (SCK input) (Note 1 ) 


Min 

6 T (Note 6 ) 

Ikkl 

Min 

12T- 100 (S^ output) 


Min 

5T + 5 (S^ input) (Note 1) 


Min 

2.5T + 5 (Note 6 ) 


t^KH Min 12T-100 (SCK output) 


Min 5T + 5 (SCK input) (Note 1) 

Min 2.5T + 5 (Note 6 ) 


(1) 1 X baud rate in asynchronous, synchronous, and I/O interface 
modes. 

(2) Event counter mode. 

(3) Pulse width measurement mode. 

(4) T = tcYC = VfxTAL- 

(5) The items not included in this list are independent of oscillator 
frequency (fxTAl)- 

(6) 16 X baud rate or 64 x baud rate in asynchronous mode 

(7) /iPD78CP18/CP18(A) only. 
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NEC 


fiPD78C18 Family 


Data Memory Stop Mode Data Retention Characteristics 

Ta = -40 to +85°C 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Data retention power supply voltage 

Vdddr 

2.5 


5.5 

V 


Data retention power supply current 

■dddr 


1 

15 

A/A 

VdDDR = 2.5 V 




15 

50 


VdDDR = 5.0 V ±10% 

Vqd rise, fall time 

^RVD- tpVD 

200 



/iS 


STOP setup time to Vdd 

tsSTVD 

12T+ 0.5 



JUS 


STOP hold time from Vqd 

^HVDST 

12T+0.5 



/iS 








iifPD78C18 Family 


Timing Waveforms 


Data Retention 
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pPD78C18 Family 


Timing Waveforms (cont) 









fiPD78C18 Family 


Timing Waveforms (cont) 
Opcode Fetch Operation 
















jLfPD78C18 Family 


Timing Waveforms (cont) 

Serial Operation Transmit/Receive 
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PPD78C18 Family 


/tPD78CP18 PROGRAMMING 

In the /iPD78CP18, the mask ROM of the /iPD78C18 
family Is replaced by a one-time programmable ROM 
(OTP ROM) or a reprogrammable, ultraviolet erasable 
ROM (UV EPROM). The ROM Is 32,768 by 8 bits and can 
be programmed using a general-purpose PROM writer 
with a /JPD27C256A programming mode. Refer to ta¬ 
bles 3 through 5 and the DC and AC Programming 
Characteristics tables for specific Information applica¬ 
ble to programming the ^PD78CP18. 


Table 3. Pin Functions during EPROM 
_ Programming _ 


Pin 

Function 

Description 

PA 0 -PA 7 

> 

0 

Low-order 8 -bit address 

PFo 

As 

High-order 7-bit address 

NMi 



PF2-PF6 

A10-A14 


PD 0 -PD 7 

Do'D7 

Data input/output 

PBe 

CE 

Chip enable input 

PB 7 

OE 

Output enable input 

RESET 

RESET 

PROM programming mode requires a 
low voltage on this pin 

Mode 0 

Mode 0 

Enter PROM programming mode by 
applying a high voltage to this pin 

Mode 1 

Mode 1 

Enter PROM programming mode by 
applying a low voltage to this pin 

STOP 

Vpp 

High-voltage input (write/verify) high 


level (read) 


Tabie 4. Summary of Operation Modes for EPROM Programming 


Operation Mode 

CE 

OE 

Vpp 

Vdd 

RESET 

MODEO 

M0DE1 

Program write 

L 

H 

+12.5 V 

+ 6 V 

L 

H 

L 

Program verify 

H 

L 

+12.5 V 

+ 6 V 

L 

H 

L 

Program inhibit 

H 

H 

+12.5 V 

+ 6 V 

L 

H 

L 

Read 

L 

L 

+5V 

+ 5V 

L 

H 

L 

Output disable 

L 

H 

+5V 

+ 5V 

L 

H 

L 

Standby 

H 

L/H 

+ 5V 

+ 5V 

L 

H 

L 


Notes: 

(1) The CE, OE, Vpp, and Vdd P'^s are all compatible with the 
/iPD27C256A pins. 

Caution: When Vpp is set to +12.5 V and Vqd >s set to +6 V, you 
cannot set both CE and OE to low level (L). 

Table 5. Recommended Connections for 


Unused Pins (EPROM Programming 
Mode) __ 


Pin 

Recommended Connection Method 

INTI 

Connect to Vss 

XI 

Connect to Vss 

X2 

Leave this pin disconnected 

AN0-AN7 

Connect to Vss 

VAref 

Connect to Vss 

AVdd 

Connect to Vss 

AVss 

Connect to Vss 

Remaining pins 

Connect each pin via a resistor to Vss 
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fiPD78C18 Family 


PROM Write Procedure 

(1) Connect the RESET pin, the MODE1 pin, and A 14 
pin to a low level and connect the MODEO pin to a 
high level. Connect all unused pins as recom¬ 
mended in Table 5. 

(2) Apply +6 VtotheVoD pin and -h 12.5 VtotheVpp 
pin. 

(3) Provide the initial address. 

(4) Provide write data. 

(5) Provide 1-ms program pulse (active low) to the CE 
pin. 

( 6 ) This bit is now verified with a pulse (active low) to 
theOE pin. If the data has been written, proceed to 
step 8 ; if not, repeat steps 4 to 6 . If the data cannot 
be correctly written after 25 attempts, go to step 7. 

(7) Classify as defective and stop write operation. 

( 8 ) Provide write data and supply program pulse (for 
additional writing) for 3 ms times the number of 
repeats performed between steps 4 to 6 . 

(9) Increment the address. 

(10) Repeat steps 4 to 9 until the end address. 


PROM Read Procedure 


(1) Connect the RESET pin and the MODE1 pin to a low 
level and connect the MODEO pin to a high level. 

(2) Apply +5 V to the Vdq and Vpp pins. 

(3) Input the address of the data to be read to pins 
A0-A14. 

(4) Read mode is ent^d with a pulse (active low) on 
both the CE and OE pins. 

(5) Data Is output to the D 0 -D 7 pins. 

EPROM Erasure 

Data In an EPROM is erased by exposing the quartz 
window in the ceramic package to light having a wave¬ 
length shorter than 400 nm, including ultraviolet rays, 
direct sunlight, and fluorescent light. To prevent unin¬ 
tentional erasure, mask the window. 

Typically, data is erased by 254-nm ultraviolet rays. A 
minimum lighting level of 15W-s/cm2 (ultraviolet ray 
intensity x exposure time) is required to completely 
erase written data. Erasure by an ultraviolet lamp rated 
at 12 mW/cm2 takes approximately 15 to 20 minutes. 
Remove any filter on the lamp and place the device 
within 2.5 cm of the lamp tubes. 




JIIPD78C18 Family 


/iPD78CP18 DC Programming Characteristics 


Ta = 25 ±5°C; MODE1 = 

V|l: MODEO = 

Vih: Vss = 

ov 





Parameter 

Symbol 

Symbol* 

Min 

Typ 

Max 

Unit 

Condition 

High-level input voltage 

V|H 

V|H 

2.2 


VdDP+0-3 

V 


Low-level input voltage 

V|L 

V|L 

-0.3 


0.8 

V 


Input leakage current 

Ilip 

Ili 



±10 


0 < v-i < Vddp 

High-level output voltage 

VOH 

VoH 

< 

o 

o 

i 

b 



V 

Iqh = -1 -0 mA 

Low-level output voltage 

VoL 

Vol 



0.45 

V 

Iql = 2.0 mA 

Output leakage current 

■lo 




±10 

/iA 

0 < Vq < Vddp! oe = v^ 

Vddp power voltage 

Vddp 

Vcc 

5.75 

6.0 

6.25 

V 

Program memory write mode 




4.5 

5.0 

5.5 

V 

Program memory read mode 

Vpp power voltage 

Vpp 

Vpp 

12.2 

12.5 

12.8 

V 

Program memory write mode 





Vpp=Vddp 


V 

Program memory read mode 

Vddp power current 

■dd 

Icc 


5.0 

50 

mA 

Program memory write mode 





5.0 

50 

mA 

Program memory read mode; 
^ = V|l: V, = v,H 

Vpp power current 

ipp 

Ipp 



30 

mA 

Program memory read mode; 
^ = V|l: OE = ViH 





1 

100 

/iA 

Program memory write mode 


* Corresponding symbols of the/L/PD27C256A. 


/iPD78CP18 AC Programming Characteristics 

Ta = 25 ±5'>C; MODE1 = V|l; Vss = 0 V 


Parameter 

Symbol 

Symbol* 

Min 

Typ 

Max 

Unit 

Condition 

Address setup time to CE i 

tSAC 

^AS 

2 



/iS 


Data to OE i delay time 

^ddoo 

tOES 

2 



fJS 


Input data setup time to CE i 

^SIDC 

tDS 

2 



/iS 


Address hold time from CE t 

^HCA 

Uh 

2 



/iS 


Input data hold time from CE t 

^HCID 

^DH 

2 



/;s 


Output data hold time from ^ t 

^HOOD 

^DF 

0 


130 

ns 


Vpp setup time to CE i 

tsvpc 

typs 

2 



/JS 


Vddp s®fup time to CE i 

^SVDC 

Vds 

2 



/iS 


Initial program pulse width 

%L1 

tpw 

0.95 

1.0 

1.05 

ms 


Additional program pulse width 

%L2 

topw 

2.85 


78.75 

ms 


MODEO/MODE1 setup time vs. ^ i 

^SMC 


2 



fJS 

MODE1 = V|L and MODEO = V|h 

Address to data output time 

^DAOD 

Ucc 



2 

fJS 

—1 

> 

II 

|Ui 

lo 

CE i to data output time 

^DCOD 

^CE 



1 

/7S 


OE 4 to data output time 

tDOOD 

tOE 



1 

/iS 


Data hold time from OE t or ^ t 

^HCOD 

^DF 

0 


130 

ns 


Data hold time from address 

^HAOD 

toH 

0 



ns 

_i 

> 

II 

|IU 

lo 


* Corresponding symbols of the/iPD27C256A. 
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PROM Timing Diagrams 

ttPD78CP18 PROM Write Mode 



(1) Vqqp must be applied before applying Vpp. It should be removed after 

(2) Vpp must not exceed +13 V, including overshoot. 


pPD78C18 Family 
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jifPD78C18 Family 


PROM Timing Diagrams (cont) 


mPDTSCPIS prom Read Mode 











NEC 

NEC Electronics Inc. 


iLiPD78C00 Product Line 
Programming Reference 

September 1993 


INSTRUCTION SET 
Operand Symbols 


Symbol 

Allowable Operands 

Registers 

r 

V, A, B, C, D,E, H,L 

r 1 

EAH, EAL, B, C, D, E, H, L 

r 2 

A, B, C 

Special Registers 

sr 

PA, PB. PC, PD, PF, MKH, MKL, ANM, 
SMH, SML, EOM, ETMM, TMM, MM, 
MCC, MA, MB, MC, MF, TXB, TMO, 
TM1,ZCM 

sr 1 

PA, PB, PC, PD, PF, MKH, MKL, ANM, 
SMH, EOM, TMM, RXB, CRO, CR 1 , 

CR2, CR3 

sr 2 

PA, PB, PC, PD, PF, MKH, ANM, MKL, 
SMH, EOM, TMM 

sr3 

ETMO, ETM1 

sr4 

ECNT, ECPT 

Register Pairs 

rp 

SP, B, D, H 

rpl 

V, B, D, H, EA 

rp 2 

SP, B, D, H, EA 

rp3 

B, D, H 

Register Pair Addressing 

rpa 

B, D, H, D+, H+, D-, H- 

rpa 1 

B, D, H 

rpa 2 

B, D, H, D+ , H+ , D-, H-, D+ byte, 
H+A, H+B, H+EA, H+byte 

rpa3 

D, H, D+ + , H+ + , D+byte, H+A, 
H+B, H+EA, H+byte 

Flags 

f 

CY, HC, Z 

Interrupt Flags 

irf 

INTFNMI, INTFTO, INTFT1, INTF1, 
INTF2, INTFEO, INTFE1, INTFEIN, 
INTFAD, INTFSR, INTFST, ER, OV, 

AN4, AN5, AN 6 , AN7, SB 

Immediate Data 

wa 

8 -bit immediate data (low byte of 
working register address) 

word 

16-bit immediate data 

byte 

8 -bit immediate data 

bit 

3-bit immediate data (b 2 , bi, bg) 


Operand Definitions 


Special registers (sr-sr4) 

PA = Port A 

ECNT = Timer/event counter 

PB = Port B 

upcounter 

PC = Port C 

ECPT = Timer/event counter capture 

PD = Port D 

PF = Port F 

MA = Mode A 

MB = Mode B 

ETMM = Timer/event counter mode 

MC = Mode C 

EOM = Timer/event counter output 

MCC = Mode control C 

mode 

MF = Mode F 

TXB = Transmit buffer 

MM = Memory mapping 

RXB = Receive buffer 

TMO = Timer register 0 

SMH = Serial mode high 

TM1 = Timer register 1 

SML = Serial mode low 

TMM = Timing mode 

MKH = Mask high 

ETMO = Timer/ event 

MKL= Mask low 

counter register 0 

ANM = A/D channel mode 

ETM1 = Timer/event 

CRO to CR3 = A/D conversion result 

counter register 1 

ZCM = Zero-cross mode 

0-3 

control register 


Register Pairs (rp-rp3) 

SP = Stack pointer 

H = HL 

B = BC 

V = VA 

D = DE 

EA = Extended accumulator 

Register Pair Addressing (rpa-rpa3) 

B= (BC) 

D++ = (DE)+ + 

D = (DE) 

H++ = (HL)+ + 

H = (HL) 

D+ byte = (DE+ byte) 

D+ = (DE) + 

H+ byte = (HL+ byte) 

H+ = (HL) + 

H+A = (HL+A) 

D- = (DE)- 

H+B = (HL+B) 

H- = (HL)- 

H+EA = (HL+EA) 

Flags (f) 

CY = Carry 

I HC = Half-carry Z = Zero 

interrupt Flags (Irf) 

INTFNMI = NMI interrupt 

INTFEIN = FEIN 

flag 

INTFAD = FAD 

INTFSR = FSR 

INTFTO = FTO 

INTFST = FST 

INTFTI = FT1 

ER = Error 

INTF1 = FI 

OV = Overflow 

INTF2 = F2 

AN4 to AN7 = Analog input 4-7 

INTFEO = FEO 

INTFE1 = FE1 

SB = Standby 


2c 
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|iPD78C00 Product Line 


Operand Codes 


Registers (r, r2) 

R2 

Ri 

Ro 

Reg 

Applicable to 

0 

0 

0 

V 

r 

0 

0 

1 

A 

r, r2 

0 

1 

0 

B 


0 

1 

1 

C 


1 

0 

0 

D 

r 

1 

0 

1 

E 


1 

1 

0 

H 


1 

1 

1 

L 


Register (r1) 

T2 

Ti 

To 

Reg 


0 

0 

0 

EAH 


0 

0 

1 

EAL 


0 

1 

0 

B 


0 

1 

1 

C 


1 

0 

0 

D 


1 

0 

1 

E 


1 

1 

0 

H 


1 

1 

1 

L 



Special Registers (sr, srI, sr2) 


Ss 

S4 

S3 

S2 

Si 

So 

Special Reg 

Applicable to 

0 

0 

0 

0 

0 

0 

PA 

sr, sr1, sr2 

0 

0 

0 

0 

0 

1 

PB 


0 

0 

0 

0 

1 

0 

PC 


0 

0 

0 

0 

1 

1 

PD 


0 

0 

0 

1 

0 

1 

PF 


0 

0 

0 

1 

1 

0 

MKH 


0 

0 

0 

1 

1 

1 

MKL 


0 

0 

1 

0 

0 

0 

ANM 


0 

0 

1 

0 

0 

1 

SMH 


0 

0 

1 

0 

1 

0 

SML 

sr 

0 

0 

1 

0 

1 

1 

EOM 

sr, sr1, sr2 

0 

0 

1 

1 

0 

0 

ETMM 

sr 

0 

0 

1 

1 

0 

1 

TMM 

sr, sr1, sr2 

0 

1 

0 

0 

0 

0 

MM 

sr 

0 

1 

0 

0 

0 

1 

MCC 


0 

1 

0 

0 

1 

0 

MA 


0 

1 

0 

0 

1 

1 

MB 


0 

1 

0 

1 

0 

0 

MC 


0 

1 

0 

1 

1 

1 

MF 


0 

1 

1 

0 

0 

0 

TXB 


0 

1 

1 

0 

0 

1 

RXB 

sr1 

0 

1 

1 

0 

1 

0 

TMO 

sr 

0 

1 

1 

0 

1 

1 

TM1 


1 

0 

0 

0 

0 

0 

CRO 

sr1 

1 

0 

0 

0 

0 

1 

CR1 


1 

0 

0 

0 

1 

0 

CR2 


1 

0 

0 

0 

1 

1 

CR3 


1 

0 

1 

0 

0 

0 

ZCM 

sr 


Special Registers (sr3) 

Uo Special Reg 

0 ETMO 


1 ETM1 


Special Registers (sr4) 

Vq Special Reg 

0 EC NT 


1 ECPT 


Register Pairs (rp, rp2, rp3) 

P 2 Pi Po 

Reg Pair Applicable to 

0 0 0 

SP rp, rp2 

0 0 1 

BC rp, rp2, rp3 

0 1 0 

DE 

0 1 1 

HL 

1 0 0 

EA rp2 

Register Pairs (rp1) 

Q2 Qi Qo 

Reg Pair 

0 0 0 

VA 

0 0 1 

BC 

0 1 0 

DE 

0 1 1 

HL 

1 0 0 

EA 

Register Pair Addressing (rpa, rpal, rpa2) 

A3 A2 Ai 

Aq Addressing Applicable to 

0 0 0 

0 — rpa, rpal, rpa2 

0 0 0 

1 (BC) 

0 0 1 

0 (DE) 

0 0 1 

1 (HL) 

0 10 

0 (DE)+ rpa, rpa2 

0 1 0 

1 (HL) + 

0 1 1 

0 (DE)- 

0 1 1 

1 (HL)- 

1 0 1 

1 (DE+byte) rpa2 

1 1 0 

0 (HL+A) 

1 1 0 

1 (HL+B) 

1 1 1 

0 (HL+ EA) 

1 1 1 

1 ' (HL+byte) 

Register Pair Addressing (rpa3) 

C3 C2 Cl 

Co Addressing 

0 0 1 

0 (DE) 

0 0 1 

1 (HL) 

0 1 0 

0 (DE)+ + 

0 1 0 

1 (HL)+ + 

1 0 1 

1 (DE+ byte) 

1 10 

0 (HL+A) 

1 1 0 

1 (HL+ B) 

1 1 1 

0 (HL+EA) 

1 1 1 

1 (HL+ byte) 


2 






jLfPD78COO Product Line 


Operand Codes (cont) 

Graphic Symbols 



F/ags (f) 





Symbol 

Description 


?2 Fi 

Fo 

Flag 




Transfer direction, result 


0 0 

0 

— 



A 

Logical product (logical AND) 


0 1 

0 1 

0 

1 

CY 

HC 



V 

Logical sum (logical OR) 


1 0 

0 

z 



AA 

Exclusive-OR 


interrupt Flags (irf) 



- 

Complement 


U b 

l2 

h 

>0 

Flag 

• 

Concatenation 


0 0 

0 

0 

0 

NMI 



■ 2c 

0 0 

0 

0 

1 

FTO 




0 0 

0 

1 

0 

FT1 




0 0 

0 

1 

1 

F 1 




0 0 

1 

0 

0 

F2 




0 0 

1 

0 

1 

FEO 




0 0 

1 

1 

0 

FE1 




0 0 

1 

1 

1 

FEIN 




0 1 

0 

0 

0 

FAD 




0 1 

0 

0 

1 

FSR 




0 1 

0 

1 

0 

FST 




0 1 

0 

1 

1 

ER 




0 1 

1 

0 

0 

OV 




1 0 

0 

0 

0 

AN4 




1 0 

0 

0 

1 

AN5 




1 0 

0 

1 

0 

AN 6 




1 0 

0 

1 

1 

AN7 




1 0 

1 

0 

0 

SB 





3 



fjPD78C00 Product Line 


Instruction Set 




States 

Skip 



Operation Code 



Mnemonic Operand 

Operation 

Bytes 

(Note 1 ) 

Conditions 

7 

6 

5 

4 3 

2 

1 

0 

8-Bit Data Transfer 

MOV r1, A 

r1 <- A 

1 

4 


0 

0 

0 

1 1 

T 2 

Ti 

To 

A, r1 

A<- r1 

1 

4 


0 

0 

0 

0 1 

T 2 

Tl 

To 

*sr, A 

sr <- A 

2 

10 


0 

1 

0 

0 1 

1 

0 

1 






1 

1 

S 5 

S 4 S 3 

S 2 

Si 

So 

*A, sr1 

A sr1 

2 

10 


0 

1 

0 

0 1 

1 

0 

0 






1 

1 

S 5 

S 4 S 3 

S 2 

S1 

So 

r, word 

r <- (word) 

4 

17 


0 

1 

1 

1 0 

0 

0 

0 






0 

1 

1 

0 1 

Rg 

Ri 

Ro 









Low addr 












High addr 




word, r 

(word) r 

4 

17 


0 

1 

1 

1 0 

0 

0 

0 






0 

1 

1 

1 1 

R2 

Ri 

Ro 









Low addr 












High addr 




MV I *r, byte 

rbyte 

2 

7 


0 

1 

1 

0 1 

R2 

Ri 

Ro 









Data 




sr 2 , byte 

sr 2 <- byte 

3 

14 


0 

1 

1 

0 0 

1 

0 

0 






S 3 

0 

0 

0 0 

S 2 

Si 

So 









Data 




MVIW *wa, byte 

(V*wa) <- byte 

3 

13 


0 

1 

1 

1 0 

0 

0 

1 









Offset 












Data 




MV IX *rpa 1 , byte 

(rpal) <- byte 

2 

10 


0 

1 

0 

0 1 

0 

Ai 

Aq 









Data 




STAW *wa 

(V»wa) <- A 

2 

10 


0 

1 

1 

0 0 

0 

1 

1 









Offset 




LDAW *wa 

A (V*wa) 

2 

10 


0 

0 

0 

0 0 

0 

0 

1 









Offset 




STAX *rpa2 

(rpa2) A 

2 

7/13 


A 3 

0 

1 

1 1 

A 2 

Ai 





(Note 3) 




Data (Note 2) 



LDAX *rpa2 

A (rpa2) 

2 

7/13 


A 3 

0 

1 

0 1 

A 2 

Ai 





(Note 3) 




Data (Note 2) 



EXX 

B B’, C C’, D D’ 

L 

1 

4 


0 

0 

0 

1 0 

0 

0 

1 

EXA 

V V’, A « A’, EA « EA 

1 

4 


0 

0 

0 

1 0 

0 

0 

0 

EXH 

H**H\L**U 

1 

4 


0 

1 

0 

1 0 

0 

0 

0 

BLOCK 

(DE) <- (HL), DE <- DE + 1, HL HL 
+ 1, C C — 1 

End if borrow 

1 

13 X 
(C+ 1) 


0 

0 

1 

1 0 

0 

0 

1 


4 

















JUIPD78C00 Product Line 


Instruction Set (cont) 



Mnemonic Operand Operation 

States 
Bytes (Note 1) 

3 l(jp Operation Code 

Conditions 7 6 5 4 3 2 1 0 

16-Bit Data Transfer 




DMOV 

rp3, EA 

rp3L ♦- EAL, rpSj-j «- EAH 

1 

4 

1 

0 

1 

1 0 

1 

P1 

Po 


EA, rp3 

EAL rp3L, EAH <- rp3H 

1 

4 

1 

0 

1 

0 0 

1 

Pi 

Po 


sr3, EA 

sr3 ♦- EA 

2 

14 

0 

1 

0 

0 1 

0 

0 

0 






1 

1 

0 

1 0 

0 

1 

Uo 


EA, sr4 

EA ♦- sr4 

2 

14 

0 

1 

0 

0 1 

0 

0 

0 






1 

1 

0 

0 0 

0 

0 

Vo 

SBCD 

word 

(word) ^ C, (word + 1 ) B 

4 

20 

0 

1 

1 

1 0 

0 

0 

0 






0 

0 

0 

1 1 

1 

1 

0 









Low addr 












High addr 




SDED 

word 

(word) *- E, (word + 1) «*- D 

4 

20 

0 

1 

1 

1 0 

0 

0 

0 






0 

0 

1 

0 1 

1 

1 

0 









Low addr 












High addr 




SHLD 

word 

(word) L, (word + 1) <- H 

4 

20 

0 

1 

1 

1 0 

0 

0 

0 






0 

0 

1 

1 1 

1 

1 

0 









Low addr 












High addr 




SSPD 

word 

(word) SPl, (word + 1) <- SP^ 

4 

20 

0 

1 

1 

1 0 

0 

0 

0 






0 

0 

0 

0 1 

1 

1 

0 









Low addr 












High addr 




STEAX 

rpa3 

(rpa3) <- EAL, (rpa3 + 1) EAH 

3 

14/20 

0 

1 

0 

0 1 

0 

0 

0 





(Note 3) 

1 

0 

0 

1 C 3 

C 2 

Cl 









Data (Note 4) 



LBCD 

word 

C •*- (word), B <*- (word + 1) 

4 

20 

0 

1 

1 

1 0 

0 

0 

0 






0 

0 

0 

1 1 

1 

1 

1 









Low addr 












High addr 




LDED 

word 

E (word), D <*- (word + 1) 

4 

20 

0 

1 

1 

1 0 

0 

0 

0 






0 

0 

1 

0 1 

1 

1 

1 









Low addr 












High addr 




LHLD 

word 

L <*- (word), H ■«- (word + 1) 

4 

20 

0 

1 

1 

1 0 

0 

0 

0 


0 0 1 

1 

1 

1 

1 1 


Low addr 
High addr 


5 











ffPD78C00 Product Line 


Instruction Set (cont) 


Mnemonic Operand Operation 

States Skip Operation Code 

JBytes (Note 1) Conditions 765 4 32 1 0 

16-Bit Data Transfer (cont) 



LSPD word SPl( word), SPh (word + 1) 4 20 0 1 1 1 0 0 0 0 


0 0 0 0 1 1 1 1 
Low addr 


High addr 


LDEAX 

rpa3 

EAL (rpa3), 

3 

14/20 


0 

1 

0 

0 

1 

0 

0 

0 



EAH ♦- (rpa3 + 1) 


(Note 3) 


1 

0 

0 

0 

Cs 

C2 

Cl 

Co 









Data (Note 4) 



PUSH 

rp1 

(SP-D^rplH, 

(SP-2)«-rplL, SP »-SP-2 

1 

13 


1 

0 

1 

1 

0 

Q 2 

Qi 

Qq 

POP 

rpl 

rpiL (SP), rplH (SP -f 1) 

SP - SP -f 2 

1 

10 


1 

0 

1 

0 

0 

Q 2 

Ql 

Qo 

LXI 

*rp2, word 

rp2 ♦- word 

3 

10 


0 

^2 

Pl 

Po 

0 

1 

0 

0 










Low byte 













High byte 




TABLE 


C -H. (PC + 3 + A), 

2 

17 


0 

1 

0 

0 

1 

0 

0 

0 



B ^ (PC + 3 + A + 1) 




1 

0 

1 

0 

1 

0 

0 

0 

8-Bit Arithmetic (Register) 

ADD 

A. r 

A <- A + r 

2 

8 


0 

1 

1 

0 

0 

0 

0 

0 







1 

1 

0 

0 

0 

Ra 

R1 

Ro 


r, A 

r*-r+A 

2 

8 


0 

1 

1 

0 

0 

0 

0 

0 







0 

1 

0 

0 

0 

R2 

R1 

Ro 

ADC 

A, r 

A A + r + CY 

2 

8 


0 

1 

1 

0 

0 

0 

0 

0 







1 

1 

0 

1 

0 

R2 

R1 

Ro 


r, A 

r - r + A + CY 

2 

8 


0 

1 

1 

0 

0 

0 

0 

0 







0 

1 

0 

1 

0 

R 2 

R1 

Ro 

ADDDNC 

A, r 

A-A-f r 

2 

8 

No carry 

0 

1 

1 

0 

0 

0 

0 

0 







1 

0 

1 

0 

0 

R2 

R1 

Ro 


r, A 

r r + A 

2 

8 

No carry 

0 

1 

1 

0 

0 

0 

0 

0 







0 

0 

1 

0 

0 

R2 

R1 

Ro 

SUB 

A, r 

A4-A-r 

2 

8 


0 

1 

1 

0 

0 

0 

0 

0 







1 

1 

1 

0 

0 

P2 

Ri 

Ro 


r, A 

r r-> A 

2 

8 


0 

1 

1 

0 

0 

0 

0 

0 







0 

1 

1 

0 

0 

R2 

Ri 

Ro 

SBB 

A, r 

A - A - r - CY 

2 

8 


0 

1 

1 

0 

0 

0 

0 

0 







1 

1 

1 

1 

0 


Ri 



r, A 

r- r-A~CY 

2 

8 


0 

1 

1 

0 

0 

0 

0 

0 







0 

1 

1 

1 

0 


Ri 



6 

















instruction Set (cont) 


Mnemonic 

Operand 

Operation 

Bytes 

8‘Bit Arithmetic (Register) (cont) 

SUBNB 

A, r 

A^ A-r 

2 


r, A 

r-«- r-A 

2 

ANA 

A, r 

A A A r 

2 


r, A 

r— r A A 

2 

ORA 

A, r 

A*- AV r 

2 


r, A 

r ^ rV A 

2 

XRA 

A, r 

A^Ay-r 

2 


r, A 

ry-A 

2 

GTA 

A, r 

A-r -1 

2 


r, A 

r-A- 1 

2 

LTA 

A, r 

A-r 

2 


r, A 

r-A 

2 

NBA 

A, r 

A-r 

2 


r, A 

r-A 

2 

EQA 

A, r 

A-r 

2 


r, A 

r-A 

2 

ONA 

A, r 

< 

< 

2 


A, r 


OFFA 


AA r 


2 


JIIPD78C00 Product Line 


States Skip Operation Code 

(Note 1) Conditions 7654 3210 


8 

No 

0 

1 

1 

0 

0 

0 

0 

0 


borrow 

1 

0 

1 

1 

0 

R2 

Ri 

Ro 

8 

No 

0 

1 

1 

0 

0 

0 

0 

0 


borrow 

0 

0 

1 

1 

0 

R2 

R1 

Ro 

8 


0 

1 

1 

0 

0 

0 

0 

0 



1 

0 

0 

0 

1 

R 2 

R1 

Ro 

8 


0 

1 

1 

0 

0 

0 

0 

0 



0 

0 

0 

0 

1 

R 2 

R1 

Ro 

8 


0 

1 

1 

0 

0 

0 

0 

0 



1 

0 

0 

1 

1 

R2 

R1 

Ro 

8 


0 

1 

1 

0 

0 

0 

0 

0 



0 

0 

0 

1 

1 

R2 

R1 

Ro 

8 


0 

1 

1 

0 

0 

0 

0 

0 



1 

0 

0 

1 

0 

R 2 

R1 

Ro 

8 


0 

1 

1 

0 

0 

0 

0 

0 



0 

0 

0 

1 

0 

Rp 

Ri 

R() 

8 

No 

0 

1 

1 

0 

0 

0 

0 

0 


borrow 

1 

0 

1 

0 

1 

R 2 

R1 

Rc) 

8 

No 

0 

1 

1 

0 

0 

0 

0 

0 


borrow 

0 

0 

1 

0 

1 

R2 

R1 

-22 

8 

Borrow 

0 

1 

1 

0 

0 

0 

0 

0 



1 

0 

1 

1 

1 

R 2 

R1 


8 

Borrow 

0 

1 

1 

0 

0 

0 

0 

0 



0 

0 

1 

1 

1 

R 2 

R1 


8 

No zero 

0 

1 

1 

0 

0 

0 

0 

0 



1 

1 

1 

0 

1 

R2 

R1 

_22 

8 

No zero 

0 

1 

1 

0 

0 

0 

0 

0 



0 

1 

1 

0 

1 

^2 

R1 

_Ro 

8 

Zero 

0 

1 

1 

0 

0 

0 

0 

0 



1 

1 

1 

1 

1 

R 2 

R1 


8 

Zero 

0 

1 

1 

0 

0 

0 

0 

0 



0 

1 

1 

1 

1 

R2 

R1 


8 

No zero 

0 

1 

1 

0 

0 

0 

0 

0 



1 

1 

0 

0 

1 

R2 

R1 


8 

Zero 

0 

1 

1 

0 

0 

0 

0 

0 



1 

1 

0 

1 

1 

R2 

R1 

~o 


8 












jifPD78C00 Product Line 


Instruction Set (cont) 





States 

Skip 



Operation Code 



Mnemonic 

Operand 

Operation 

Bytes 

(Note 1) 

Conditions 

7 

6 

5 

4 

3 

2 

1 

0 

8~Bit Arithmetic (Memory) 

ADDX 

rpa 

A ♦- A + (rpa) 

2 

11 


0 

1 

1 

1 

0 

0 

0 

0 







1 

1 

0 

0 

0 

A2 

Ai 

Aq 

ADCX 

rpa 

A A + (rpa) + CY 

2 

11 


0 

1 

1 

1 

0 

0 

0 

0 







1 

1 

0 

1 

0 

A2 

Ai 

Ao 

ADDNCX 

rpa 

A A + (rpa) 

2 

11 

No carry 

0 

1 

1 

1 

0 

0 

0 

0 







1 

0 

1 

0 

0 

A2 

Ai 

Ao 

SUBX 

rpa 

A A - (rpa) 

2 

11 


0 

1 

1 

1 

0 

0 

0 

0 







1 

1 

1 

0 

0 

A 2 

Ai 

Ao 

SBBX 

rpa 

A - A - (rpa) - CY 

2 

11 


0 

1 

1 

1 

0 

0 

0 

0 







1 

1 

1 

1 

0 

A 2 

Ai 

Ao 

SUBNBX 

rpa 

A*- A - (rpa) 

2 

11 

No 

0 

1 

1 

1 

0 

0 

0 

0 






borrow 

1 

0 

1 

1 

0 

A 2 

Ai 

Ao 

ANAX 

rpa 

A*- A/\ (rpa) 

2 

11 


0 

1 

1 

1 

0 

0 

0 

0 







1 

0 

0 

0 

1 

A2 

Ai 

Ao 

ORAX 

rpa 

A A V (rpa) 

2 

11 


0 

1 

1 

1 

0 

0 

0 

0 







1 

0 

0 

1 

1 

A2 

Ai 

Ao 

XRAX 

rpa 

A«-A-V-(rpa) 

2 

11 


0 

1 

1 

1 

0 

0 

0 

0 







1 

0 

0 

1 

0 

A2 

Ai 

Aq 

QTAX 

rpa 

A - (rpa) - 1 

2 

11 

No 

0 

1 

1 

1 

0 

0 

0 

0 






borrow 

1 

0 

1 

0 

1 

A 2 

Ai 


LTAX 

rpa 

A - (rpa) 

2 

11 

Borrow 

0 

1 

1 

1 

0 

0 

0 

0 







1 

0 

1 

1 

1 

A 2 

Ai 


NEAX 

rpa 

A - (rpa) 

2 

11 

No zero 

0 

1 

1 

1 

0 

0 

0 

0 







1 

1 

1 

0 

1 

A 2 

Ai 


EQAX 

rpa 

A - (rpa) 

2 

11 

Zero 

0 

1 

1 

1 

0 

0 

0 

0 







1 

1 

1 

1 

1 

A 2 

Ai 


ONAX 

rpa 

A A (rpa) 

2 

11 

No zero 

0 

1 

1 

1 

0 

0 

0 

0 







1 

1 

0 

0 

1 

A2 

Ai 

Aq 

OF FAX 

rpa 

A A (rpa) 

2 

11 

Zero 

0 

1 

1 

1 

0 

0 

0 

0 







1 

1 

0 

1 

1 

A 2 

Ai 

~0 


8 

























Instruction Set (cont) 


Mnemonic Operand Operation Bytes 


Immediate Data 


ADI *A, byte A A + byte 2 

r, byte r ♦- r + byte 3 

sr2, byte sr2 ♦- sr2 + byte 3 


ACI *A, byte A - A + byte + CY 2 

r, byte r •«- r + byte + CY 3 

sr2, byte sr2 <- sr2 + byte + CY 3 


ADINC *A, byte A *- A + byte 2 

r, byte r •*- r + byte 3 

sr2, byte sr2 ♦- sr2 + byte 3 


SUI *A, byte A ♦-A-byte 2 

r, byte r ^ r - byte 3 

sr2, byte sr2 sr2 - byte 3 


pPD78C00 Product Line 


States Skip Operation Code 

(Note 1) Conditions 7654 3210 



7 0 10 1 0 110 

Data 

11 0 1110 10 0 

0 10 1 0 R2 Ri Ro 

Data 

20 0 1 1 0 0 1 0 0 

S3 10 1 0 S2 S-| Sq 

Data 


7 No carry 0 0 1 0 0 1 1 0 

Data 

11 No carry 0 111 0 10 0 

0 0 1 0 0 R 2 Ri Rq 

Data 

20 No carry 0 110 0 10 0 

S 3 0 1 0 0 S 2 S-| Sq 

Data 

7 0 1 1 0 0 1 1 0 

Data 

11 0 111 0 10 0 

0 1 1 0 0 R 2 Ri Rq 

Data 

20 0 1 1 0 0 1 0 0 

S 3 1 1 0 0 S 2 Si Sq 

Data 


9 
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Instruction Set (cont) 




States 

Skip 



Operation Code 



Mnemonic Operand 

Operation 

Bytes 

(Note 1) 

Conditions 

7 

6 

5 

4 3 

2 

1 

0 

Immediate Data (cont) 

SBI *A, byte 

A ^ A - byte - CY 

2 

7 


0 

1 

1 

1 0 

1 

1 

0 









Data 




r, byte 

r <- r - byte - CY 

3 

11 


0 

1 

1 

1 0 

1 

0 

0 






0 

1 

1 

1 0 

R 2 

Ri 










Data 




sr2, byte 

sr2 sr2 - byte - CY 

3 

20 


0 

1 

1 

0 0 

1 

0 

0 






S3 

1 

1 

1 0 

S2 

Si 










Data 




SUINB *A, byte 

A*- A - byte 

2 

7 

No 

0 

0 

1 

1 0 

1 

1 

0 





borrow 




Data 




r, byte 

r *- r- byte 

3 

11 

No 

0 

1 

1 

1 0 

1 

0 

0 





borrow 

0 

0 

1 

1 0 

R 2 

Ri 

_Ro 









Data 




sr2, byte 

sr2 <- sr2 - byte 

3 

20 

No 

0 

1 

1 

0 0 

1 

0 

0 





borrow 

S3 

0 

1 

1 0 

S2 

Si 

Sq 









Data 




ANI *A, byte 

A<- A/\ byte 

2 

7 


0 

0 

0 

0 0 

1 

1 

1 









Data 




r, byte 

r <- r A byte 

3 

11 


0 

1 

1 

1 0 

1 

0 

0 






0 

0 

0 

0 1 

R 2 

Ri 










Data 




sr2, byte 

sr2 <- sr2 A byte 

3 

20 


0 

1 

1 

0 0 

1 

0 

0 






S3 

0 

0 

0 1 

S2 

Si 

_So 









Data 




ORI *A, byte 

A A V byte 

2 

7 


0 

0 

0 

1 0 

1 

1 

1 









Data 




r, byte 

r •*- r V byte 

3 

11 


0 

1 

1 

1 0 

1 

0 

0 






0 

0 

0 

1 1 

R2 

Ri 

_Ro 









Data 




sr2, byte 

sr2 <- sr2 V byte 

3 

20 


0 

1 

1 

0 0 

1 

0 

0 






S3 

0 

0 

1 1 

$2 

Si 

Sq 









Data 





10 












fiPD78C00 Product Line 


Instruction Set (cont) 




States 

Skip 



Operation Code 



Mnemonic Operand 

Operation 

Bytes 

(Note 1) 

Conditions 

7 

6 

5 

4 3 

2 

1 

0 

Immediate Data (cont) 

XRI *A, byte 

A «- A -V-byte 

2 

7 


0 

0 

0 

1 0 

1 

1 

0 









Data 




r, byte 

r r -V-byte 

3 

11 


0 

1 

1 

1 0 

1 

0 

0 






0 

0 

0 

1 0 

R2 

Ri 

_Ro 









Data 




sr2, byte 

sr2 ♦- sr2 -V-byte 

3 

20 


0 

1 

1 

0 0 

1 

0 

0 






S3 

0 

0 

1 0 

S 2 

Si 










Data 




GTI *A, byte 

A - byte - 1 

2 

7 

No 

0 

0 

1 

0 0 

1 

1 

1 





borrow 




Data 




r, byte 

r - byte - 1 

3 

11 

No 

0 

1 

1 

1 0 

1 

0 

0 





borrow 

0 

0 

1 

0 1 

R2 

Ri 










Data 




sr2, byte 

sr2 - byte - 1 

3 

14 

No 

0 

1 

1 

0 0 

1 

0 

0 





borrow 

S 3 

0 

1 

0 1 

S 2 

Si 

So 









Data 




LTI *A, byte 

A - byte 

2 

7 

Borrow 

0 

0 

1 

1 0 

1 

1 

1 









Data 




r, byte 

r - byte 

3 

11 

Borrow 

0 

1 

1 

1 0 

1 

0 

0 






0 

0 

1 

1 1 

R 2 

Ri 










Data 




sr2, byte 

sr2 - byte 

3 

14 

Borrow 

0 

1 

1 

0 0 

1 

0 

0 






S 3 

0 

1 

1 1 

S 2 

Si 

_So 









Data 




NEI *A, byte 

A - byte 

2 

7 

No zero 

0 

1 

1 

0 0 

1 

1 

1 









Data 




r, byte 

r- byte 

3 

11 

No zero 

0 

1 

1 

1 0 

1 

0 

0 






0 

1 

1 

0 1 

R2 

Ri 










Data 




sr2, byte 

sr2 - byte 

3 

14 

No zero 

0 

1 

1 

0 0 

1 

0 

0 






S 3 

1 

1 

0 1 

S 2 

Si 

Sq 









Data 





2c 


11 








JIIPD78C00 Product Line 


Instruction Set (cont) 

Mnemonic 

Operand 

Operation 

Bytes 

States 
(Note 1) 

Skip 

Conditions 

7 

6 

Operation Code 

5 4 3 2 

1 

0 

Immediate Data (cont) 

EQI 

*A, byte 

A - byte 

2 

7 

Zero 

0 

1 

1 

1 0 

1 

1 

1 










Data 





r, byte 

r - byte 

3 

11 

Zero 

0 

1 

1 

1 0 

1 

0 

0 







0 

1 

1 

1 1 

R2 

Ri 

Ro 










Data 





sr2, byte 

sr2 - byte 

3 

14 

Zero 

0 

1 

1 

0 0 

1 

0 

0 







S 3 

1 

1 

1 1 

S 2 

Si 

So 










Data 




ONI 

*A, byte 

A A byte 

2 

7 

no zero 

0 

1 

0 

0 0 

1 

1 

1 










Data 





r, byte 

r A byte 

3 

11 

no zero 

0 

1 

1 

1 0 

1 

0 

0 







0 

1 

0 

0 1 

R2 

Ri 

Ro 










Data 





sr2, byte 

sr2 A byte 

3 

14 

no zero 

0 

1 

1 

0 0 

1 

0 

0 







S 3 

1 

0 

0 1 

S 2 

Si 

So 










Data 




OFFI 

*A, byte 

A A byte 

2 

7 

zero 

0 

1 

0 

1 0 

1 

1 

1 










Data 





r, byte 

r A byte 

3 

11 

zero 

0 

1 

1 

1 0 

1 

0 

0 







0 

1 

0 

1 1 

R 2 

Ri 

Ro 










Data 





sr2, byte 

sr2 A byte 

3 

14 

zero 

0 

1 

1 

0 0 

1 

0 

0 







S 3 

1 

0 

1 1 

S 2 

Si 

Sq 










Data 




Working Register 

ADDW 

wa 

A <- A + (V*wa) 

3 

14 


0 

1 

1 

1 0 

1 

0 

0 







1 

1 

0 

0 0 

0 

0 

0 










Offset 




ADCW 

wa 

A A + (V*wa) + CY 

3 

14 


0 

1 

1 

1 0 

1 

0 

0 







1 

1 

0 

1 0 

0 

0 

0 










Offset 




ADDNCW 

wa 

A <- A + (V«wa) 

3 

14 

No carry 

0 

1 

1 

1 0 

1 

0 

0 







1 

0 

1 

0 0 

0 

0 

0 










Offset 




SUBW 

wa 

A <- A - (V*wa) 

3 

14 


0 

1 

1 

1 0 

1 

0 

0 







1 

1 

1 

0 0 

0 

0 

0 










Offset 





12 












Instruction Set (cont) 


Mnemonic Operand Operation 

Working Register (cont) 

SBBW wa A ^ A - (V*wa) - CY 

SUBNBW wa A ^ A - (V-wa) 

ANAW wa A ^ A A (V-wa) 

ORAW wa A ^ A V (V-wa) 

XRAW wa A ^ A V- (V-wa) 

GTAW wa A - (V*wa) -1 

LTAW wa A - (V»wa) 

NEAW wa A - (V*wa) 

EQAW wa A - (V*wa) 

ONAW wa A A (Vwa) 

OFFAW wa A A (Vwa) 

ANIW *wa, byte (V*wa) <- (V«wa) A byte 


ORIW 


‘^wa, byte (V*wa) (V»wa) V byte 


pPD78C00 Product Line 


States Skip Operation Code 

Bytes (Note 1) Conditions 7 6 5 4 3 2 1 



13 












iuPD78C00 Product Line 


NEC 


instruction Set (cont) 





States 

Skip 



Operation Code 



Mnemonic 

Operand 

Operation 

Bytes 

(Note 1) 

Conditions 

7 

6 

5 

4 

3 

2 

1 

0 

Working Register (cont) 

GTIW 

*wa, byte 

(V*wa) - byte - 1 

3 

13 

No 

0 

0 

1 

0 

0 

1 

0 

1 






borrow 




Offset 













Data 




LTIW 

*wa, byte 

(V*wa) - byte 

3 

13 

Borrow 

0 

0 

1 

1 

0 

1 

0 

1 










Offset 













Data 




NEIW 

*wa, byte 

(V*wa) - byte 

3 

13 

No zero 

0 

1 

1 

0 

0 

1 

0 

1 










Offset 













Data 




EQIW 

*wa, byte 

(V»wa) - byte 

3 

13 

Zero 

0 

1 

1 

1 

0 

1 

0 

1 










Offset 













Data 




ONIW 

*wa, byte 

(V»wa) A byte 

3 

13 

No zero 

0 

1 

0 

0 

0 

1 

0 

1 










Offset 













Data 




OFFIW 

*wa, byte 

(V»wa) A byte 

3 

13 

Zero 

0 

1 

0 

1 

0 

1 

0 

1 










Offset 













Data 




16-Bit Arithmetic 

EADD 

EA, r2 

EA<- EA + r2 

2 

11 


0 

1 

1 

1 

0 

0 

0 

0 







0 

1 

0 

0 

0 

0 

R1 

Ro 

DADD 

EA, rp3 

EA ^ EA + rp3 

2 

11 


0 

1 

1 

1 

0 

1 

0 

0 







1 

1 

0 

0 

0 

1 

P1 

Po 

DADC 

EA, rp3 

EA <e- EA + rp3 + CY 

2 

11 


0 

1 

1 

1 

0 

1 

0 

0 







1 

1 

0 

1 

0 

1 

Pi 

Po 

DADDNC 

EA, rp3 

EA -t- EA + rp3 

2 

11 

No carry 

0 

1 

1 

1 

0 

1 

0 

0 







1 

0 

1 

0 

0 

1 

Pi 

Po 

ESUB 

EA, r2 

EA EA ~ r2 

2 

11 


0 

1 

1 

1 

0 

0 

0 

0 







0 

1 

1 

0 

0 

0 

Ri 

Ro 

DSUB 

EA, rp3 

EA ^ EA - rp3 

2 

11 


0 

1 

1 

1 

0 

1 

0 

0 







1 

1 

1 

0 

0 

1 

Pi 

Po 

DSBB 

EA, rp3 

EA - EA - rp3 - CY 

2 

11 


0 

1 

1 

1 

0 

1 

0 

0 







1 

1 

1 

1 

0 

1 

Pi 

Po 

DSUBNB 

EA, rp3 

EA ♦- EA - rp3 

2 

11 

No 

0 

1 

1 

1 

0 

1 

0 

0 






borrow 

1 

0 

1 

1 

0 

1 

Pi 

Po 

DAN 

EA, rp3 

EA EA A rp3 

2 

11 


0 

1 

1 

1 

0 

1 

0 

0 







1 

0 

0 

0 

1 

1 

Pi 

Po 

DOR 

EA, rp3 

EA EA V rp3 

2 

11 


0 

1 

1 

1 

0 

1 

0 

0 







1 

0 

0 

1 

1 

1 

P1 

_Po 


14 














pPD78C00 Product Line 


Instruction Set (cont) 





States 

Skip 



Operation Code 



Mnemonic 

Operand 

Operation 

Bytes 

(Note 1) 

Conditions 

7 

6 

5 

4 

3 

2 

1 

0 

16-Bit Arithmetic (cont) 

DXR 

EA, rp3 

EA4- EAVrp3 

2 

11 


0 

1 

1 

1 

0 

1 

0 

0 







1 

0 

0 

1 

0 

1 

Pi 

Po 

DGT 

EA, rp3 

EA - rp3 - 1 

2 

11 

No 

0 

1 

1 

1 

0 

1 

0 

0 






borrow 

1 

0 

1 

0 

1 

1 

Pi 

Po 

DLT 

EA, rp3 

EA - rp3 

2 

11 

Borrow 

0 

1 

1 

1 

0 

1 

0 

0 







1 

0 

1 

1 

1 

1 

Pi 

Po 

ONE 

EA, rp3 

EA - rp3 

2 

11 

No zero 

0 

1 

1 

1 

0 

1 

0 

0 







1 

1 

1 

0 

1 

1 

Pi 

Po 

DEQ 

EA, rp3 

EA - rp3 

2 

11 

Zero 

0 

1 

1 

1 

0 

1 

0 

0 







1 

1 

1 

1 

1 

1 

Pi 


DON 

EA, rp3 

EA A rp3 

2 

11 

No zero 

0 

1 

1 

1 

0 

1 

0 

0 







1 

1 

0 

0 

1 

1 

Pi 

_Po 

DOFF 

EA, rp3 

EA A rp3 

2 

11 

Zero 

0 

1 

1 

1 

0 

1 

0 

0 







1 

1 

0 

1 

1 

1 

P1 

_Po 


Multiply/Divide 


MUL 

r2 

EA ^ A X r2 

2 

32 

0 

1 

0 

0 

1 

0 

0 

0 






0 

0 

1 

0 

1 

1 

Ri 

Ro 

DIV 

r2 

EA <- EA r2, r2 Remainder 

2 

59 

0 

1 

0 

0 

1 

0 

0 

0 






0 

0 

1 

1 

1 

1 

Ri 



Increment/Decrement 


INR 

r2 

r2 r2 + 1 

1 

4 

Carry 

0 

1 

0 

0 

0 

0 

Ri 

Ro 

INRW 

*wa 

(V*wa) (V»wa) + 1 

2 

16 

Carry 

0 

0 

1 

0 

0 

0 

0 

0 










Offset 




INX 

rp 

rp <- rp + 1 

1 

7 


0 

0 

Pi 

Po 

0 

0 

1 

0 


EA 

EA EA + 1 

1 

7 


1 

0 

1 

0 

1 

0 

0 

0 

DCR 

r2 

r2 - r2- 1 

1 

4 

Borrow 

0 

1 

0 

1 

0 

0 

Ri 

Ro 

DCRW 

*wa 

(V»wa) <- (V*wa) - 1 

2 

16 

Borrow 

0 

0 

1 

1 

0 

0 

0 

0 










Offset 




DCX 

rp 

rp rp - 1 

1 

7 


0 

0 

Pi 

Po 

0 

0 

1 

1 


EA 

EA — EA - 1 

1 

7 


1 

0 

1 

0 

1 

0 

0 

1 

Others 

DAA 


Decimal Adjust Accumulator 

1 

4 


0 

1 

1 

0 

0 

0 

0 

1 

STC 


CY*- 1 

2 

8 


0 

1 

0 

0 

1 

0 

0 

0 







0 

0 

1 

0 

1 

0 

1 

1 

CLC 


O 

t 

o 

2 

8 


0 

1 

0 

0 

1 

0 

0 

0 







0 

0 

1 

0 

1 

0 

1 

0 

NEGA 


A<-A+ 1 

2 

8 


0 

1 

0 

0 

1 

0 

0 

0 







0 

0 

1 

1 

1 

0 

1 

0 


2c 


15 






















/LIPD78C00 Product Line 


Instruction Set (cont) 





States 

Skip 



Operation Code 



Mnemonic 

Operand 

Operation 

Bytes 

(Note 1) 

Conditions 

7 

6 

5 

4 

3 

2 

1 

0 

Rotate and Shift 

RLD 


Rotate left digit A3.0 «- (HL)7.4, 

2 

17 


0 

1 

0 

0 

1 

0 

0 

0 



(H 1)7.4 (*^L.)3.o, (H 1)3.0 A3.0 




0 

0 

1 

1 

1 

0 

0 

0 

RRD 


Rotate right digit (HL)7.4 •«- A3.0, 

2 

17 


0 

1 

0 

0 

1 

0 

0 

0 



(H 1)3.0 ■*“ (HL)7.4, A3.0 •*- (HL)3.o 




0 

0 

1 

1 

1 

0 

0 

1 

RLL 

r2 

r2m + 1 - r2^. r2o - CY, CY - 1^7 

2 

8 


0 

1 

0 

0 

1 

0 

0 

0 







0 

0 

1 

1 

0 

1 

Ri 

Ro 

RLR 

r2 

r2m - 1 - r2^, r27 - CY. CY - r2o 

2 

8 


0 

1 

0 

0 

1 

0 

0 

0 







0 

0 

1 

1 

0 

0 

R1 

Ro 

SLL 

r2 

1 «- r2n„ r2o ^ 0, CY - 127 

2 

8 


0 

1 

0 

0 

1 

0 

0 

0 







0 

0 

1 

0 

0 

1 

Ri 

Ro 

SLR 

r2 

- 1 *^m. ^7 0, CY <- tZq 

2 

8 


0 

1 

0 

0 

1 

0 

0 

0 







0 

0 

1 

0 

0 

0 

Ri 

Ro 

SLLC 

r2 

+ 1 0, CY <- 127 

2 

8 

Carry 

0 

1 

0 

0 

1 

0 

0 

0 







0 

0 

0 

0 

0 

1 

Ri 

Ro 

SLRC 

r2 

^m-1 *- ^7 *- 0. 

2 

8 

Carry 

0 

1 

0 

0 

1 

0 

0 

0 



0 

>- 

0 




0 

0 

0 

0 

0 

0 

Ri 

Ro 

DRLL 

EA 

EAn + 1 ^ EAn, EAo ^ CY, 

2 

8 


0 

1 

0 

0 

1 

0 

0 

0 



CY «- EAi 5 




1 

0 

1 

1 

0 

1 

0 

0 

DRLR 

EA 

EAn_i-EAn. EA15 - CY 

2 

8 


0 

1 

0 

0 

1 

0 

0 

0 



CY *- EAo 




1 

0 

1 

1 

0 

0 

0 

0 

DSLL 

EA 

EAn + 1 ^ EAn, EAo 0. 

2 

8 


0 

1 

0 

0 

1 

0 

0 

0 



0 

-< 

t 

m 

> 

cn 




1 

0 

1 

0 

0 

1 

0 

0 

DSLR 

EA 

EAn - 1 EAn, EA^s *- 0, 

2 

8 


0 

1 

0 

0 

1 

0 

0 

0 



CY <— EAo 




1 

0 

1 

0 

0 

0 

0 

0 

Jump 

JMP 

*word 

PC <- word 

3 

10 


0 

1 

0 

1 

0 

1 

0 

0 










Low addr 













High addr 




JB 


PCh B, PCl <- C 

1 

4 


0 

0 

1 

0 

0 

0 

0 

1 

JR 

word 

PC <- PC + 1 + jdispi 

1 

10 


1 

1 



jdispi 



JRE 

*word 

PC PC + 2 + jdisp 

2 

10 


0 

1 

0 

0 

1 

1 

1 











jdisp 




JEA 


PC<-EA 

2 

8 


0 

1 

0 

0 

1 

0 

0 

0 







0 

0 

1 

0 

1 

0 

0 

0 


16 























fiPD78C00 Product Line 


Instruction Set (cont) 

Mnemonic 

Operand 

Operation 

Bytes 

States 
(Note 1) 

Skip 

Conditions 

7 

6 

Operation Code 

5 4 3 2 

1 

0 

Call 

CALL 

*word 

(SP-1)-(PC+ 3)h, 

3 

16 


0 

1 

0 

0 

0 

0 

0 

0 



(SP -2) <- (PC + 3)|_, 

PC word, SP ^ SP - 2 







Low Addr 












High Addr 




CALB 


(SP-1)-(PC+ 2)h, 

(SP - 2) (PC + 2)l, PCh ^ B, 
PCl^ C, SP^ SP-2 

2 

17 


0 

1 

0 

0 

1 

0 

0 

0 






0 

0 

1 

0 

1 

0 

0 

1 

CALF 

*word 

(SP-1) - (PC+ 2)h, 

(SP - 2) ^ (PC + 2)l, 

2 

13 


0 

1 

1 

1 

1 


fan 




PCi5.li ^ 00001, 

PCio-o fa, SP <- SP - 2 








fai 




CALT 

word 

(SP-1) - (PC+ 1)h, 

(SP-2) <- (PC + 1)l, 

PCl ^ (128 + 2ta), 

PCh <- (129 + 2ta), SP SP - 2 

1 

16 


1 

0 

0 



ta 



SOFT! 

word 

(SP - 1) ^ PSW, 

(SP-2)-(PC+ 1)h, 

(SP - 3) ^ (PC + 1)l, pc ^ 0060H, 
SP ^ SP - 3 

1 

16 


0 

1 

1 

1 

0 

0 

1 

0 

Return 

RET 


PCl^ (SP), PCh ^ (SP + 1), 

SP SP + 2 

1 

10 


1 

0 

1 

1 

1 

0 

0 

0 

RETS 


PCl*- (SP), PCh^ (SP + 1), 

SP ^ SP + 2, PC PC + n 

1 

10 Unconditional 
Skip 

1 

0 

1 

1 

1 

0 

0 

1 

RETI 


PCl (SP), 

PCh <- (SP + 1), PSW SP + 2, 

SP SP +3 

1 

13 


0 

1 

1 

0 

0 

0 

1 

0 

Skip 

BIT 

*bit, wa 

Skip if (V*wa) bit = 1 

2 

10 

Bit Test 

0 

1 

0 

1 

1 

B2 

Bi 

Bo 










Offset 




SK 

f 

Skip if f = 1 

2 

8 

f = 1 

0 

1 

0 

0 

1 

0 

0 

0 







0 

0 

0 

0 

1 

F2 

Fi 

Fo 

SKN 

f 

Skip if f = 0 

2 

8 

f = 0 

0 

1 

0 

0 

1 

0 

0 

0 







0 

0 

0 

1 

1 

F 2 

Fi 

Fo 

SKIT 

irf 

Skip if irf = 1, then reset irf 

2 

8 

irf = 1 

0 

1 

0 

0 

1 

0 

0 

0 







0 

1 

0 

I4 

I3 

■2 

il 

•o 

SKN IT 

irf 

Skip if irf = 0; Reset irf if irf = 1 and 

2 

8 

irf = 0 

0 

1 

0 

0 

1 

0 

0 

0 



don’t skip 




0 

1 

1 

U 

■3 

I 2 

11 

•o 













ffPD78C00 Product Line 


Instruction Set (cont) 

Mnemonic Operand 

Operation 

Bytes 

States 
(Note 1) 

Skip 

Conditions 

7 

6 

Operation Code 

5 4 3 2 

1 

0 

CPU Control 


No operation 

1 

4 


0 

0 

0 

0 

0 

0 

0 

0 


Enable interrupt 

1 

4 


1 

0 

1 

0 

1 

0 

1 

0 

■^nmnimii^niiiiimi 

Disable interrupt 

1 

4 


1 

0 

1 

1 

1 

0 

1 

0 

HIT 

Set HALT mode 

2 

12 


0 

1 

0 

0 

1 

0 

0 

0 






0 

0 

1 

1 

1 

0 

1 

1 

STOP 

Set STOP mode 

2 

12 


0 

1 

0 

0 

1 

0 

0 

0 






1 

0 

1 

1 

1 

0 

1 

1 


Notes: 

(1) For the skip condition, the idle states are as follows: 

1- byte instructions: 4 states 

2- byte instructions: 8 states 

3- byte instructions: 11 states 

2- byte instructions with*: 7 states 

3- byte instructions with*: 10 states 

4- byte instructions: 14 states 

(2) B2 (Data): rpa2 = D+ byte or H+ byte. 

(3) Right side of slash (/) in states indicates the case when rpa2 
or rpa3 = D+ byte, H+A, H+ B, H+ EA, or H-f byte. 

(4) B3 (Data): rpa3 = D+ byte or H+ byte. 
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PPD78K0 Product Line 


Section 3 

f(PD78K0 Product Line 

8-Bit, K-Series Microcontroliers 

fiPD78002 Family 

OL/PD78001B/002B/P014) 

8-Bit, K-Series Microcontrollers 

General Purpose 

3-a 

/iPD78044 Family 

(/iPD78042/043/044/P044) 

8-Blt, K-Series Microcontrollers 

With FIP (VP) Controller/Driver and A/D 

3-e 

/iPD78002Y Family 

3-b 

Converter 


'0[iPD78OO1 BY/002 bV/P014Y) 

8-Bit, K-Series Microcontroliers 

General Purpose with |2C Bus 


,tPD78054 Family 

(pPD78052/053/054/P054) 

8-Bit, K-Series Microcontrollers 

3-f 

/uPD78014 Family 

3-c 

With UART, A/D and D/A Converters 


'(juPD78011B/01 2 b701 3/014/P014) 

8-Bit, K-Series Microcontrollers 

General Purpose with A/D Converter 


^PD78064 Family 

(pPD78062/063/064/P064) 

8-Bit, K-Series Microcontrollers 

3-g 

/iPD78014Y Family 

OLiPD78011 BY/012BY/013Y/014Y/P014Y) 

3-d 

With LCD Controller/Driver, UART, and A/D 
Converter 


8-Bit, K-Series Microcontrollers 

General Purpose with A/D Converter and |2C 
Bus 


/iPD78K0 Product Line 

Programming Reference 
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iLfPD78002 Family 

|\| EC (iuPD78001 B/002B/P014) 

NEC Electronics Inc. K-Series Microcontrollers 

General Purpose 

September 1993 


Description 

The /iPD78001B, jL/PD78002B, and /jPD78P014* are 
members of the K-Series® of microcontrollers. The 
^PD78P014 is used for prototyping since the pPD78014 
family is pin and function compatible with, and the 
features are a superset of, the /iPD78002 family. The 
features of the fjPD78002 family include bit manipula¬ 
tion instructions, four banks of main registers, an 
advanced interrupt handling facility, and a powerful set 
of memory-mapped on-chip peripherals. On-board 
data memory includes 256, 384, or 1024 bytes of inter¬ 
nal high-speed RAM. Program memory options include 
8K or 16K bytes of mask ROM, or 32K bytes of internal 
UV EPROM or one-time programmable (OTP) ROM. 

The pPD78002 family operates over a wide voltage 
range: 2.7 to 6.0 volts. Timing Is generated by two 
built-in oscillators. A main oscillator normally drives 
the CPU and most peripherals and at 10 MHz provides 
a minimum instruction time of 0.4 /iS. A subsystem 
oscillator at 32.768 kHz provides time keeping, and 
optionally a slow clock for the CPU. Since CMOS power 
dissipation is directly proportional to clock rate, the 
/iPD78002 family provides a software variable CPU 
clock. The HALT and STOP modes are two additional 
power saving features that turn off parts of the micro¬ 
controller to reduce power consumption. A data reten¬ 
tion mode permits RAM contents to be saved down to 2 
volts. 


□ Timers 

— Watchdog timer 

— Two 8-bit timer/event counters usable as one 
16-bit timer/event counter 

— Clock (watch) timer (time of day tick from either 
oscillator) 

□ 53 I/O lines 

— Two CMOS input-only lines 

— 47 CMOS I/O lines 

— Four n-channel, open-drain I/O lines at 15 V 
maximum 


□ I/O port pullup resistors 

— Software controllable on 47 lines 

— Mask option on four lines on ROM versions 

□ Program memory 

—/iPD78001B; 8K bytes ROM 
—/iPD78002B: 16K bytes ROM 
—/iPD78P014: 32K bytes EPROM/OTP 

□ Internal high-speed data memory 
—/iPD78001B: 256 bytes RAM 
—/iPD78002B: 384 bytes RAM 
—^PD78P014: 1024 bytes RAM 

□ External memory expansion 

— 64K byte total memory space 

□ Powerful Instruction set 

— 16-bit arithmetic and data transfer instructions 

— l-bit and 8-bit logic instructions 
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The range of peripherals, Including timers and a serial 
port, makes these devices ideal for applications in 
portable battery-powered equipment, office automa¬ 
tion, communications, consumer electronics, home 
appliances, and fitness equipment. 

Features 

□ One-channel serial communication Interface 

— 8-blt clock synchronous interface 0 

— Full-duplex, three-wire mode 

— NEC serial bus interface (SBI) mode 

— Half-duplex, two-wire mode 

* See the //PD78014 family data sheet for the /iPD78P014 
electrical and functional specifications. 

K-Series Is a registered trademark of NEC Electronics, Inc. 


□ Minimum instruction execution times: 

— 0.4/0.8/1.6/3.2/6.4 jus program selectable using 
10-MHz main system clock 

—122 /is selectable using 32.768-kHz subsystem 
clock 

□ Memory-mapped on-chip peripherals (special 
function registers) 

□ Programmable priority, vectored-interrupt 
controller (two levels) 

□ Buzzer and clock outputs 

□ Power saving and battery operation features 

— Variable CPU clock rate 

— HALT mode 

— STOP mode 

— 2-V data retention mode 

□ CMOS operation; Vdd from 2.7 to 6.0 V 
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fiPD78002 Family 


Ordering Information 


Part Number 

ROM 

Package 
(Package Dwg.) 

/iPD78001BCW-xxx 

8K mask ROM 

64-pin plastic 
■ shrink DIP 
(P64C-70-750 A, C) 

)uPD78002BCW-xxx 

16K mask ROM 

JUPD78001BGC-XXX-AB8 

8K mask ROM 

64-pin plastic QFP 

/iPD78002BGC-xxx-AB8 

16K mask ROM 

(P64GC-80-AB8-2) 

AiPD78P014GC-AB8 
(Note 3) 

32K OTP ROM 


/iPD78P014DW (Note 3) 

32K UV EPROM 

64-pin ceramic 
shrink DIP w/window 
(P64DW-70-750A) 


Notes: 


(1) XXX indicates ROM code suffix 

(2) All devices listed are standard quality grade 

(3) See the/iPD78014 family data sheetforthe/jPD78P014 electrical 
and functional specifications 


Pin Configurations 


64-Pin Plastic Shrink DIP 


P 2 oC 

fT-v 

64 

□ IC3 

P 2 i C 

2 

63 

□ IC2 

P 22 C 

3 

62 

□ PI 7 

P 23 C 

4 

61 

□ Pie 

P 24 C 

5 

60 

□ Pis 

P25/SI(ySB0 c 

6 

59 

□ P 14 

P26/SO(ySB1 c 

7 

58 

□ P 13 

P 27 /SCK 0 c: 

8 

57 

□ P 12 

P3ol= 

9 

56 

□ P 11 

P3i/T01 C 

10 

65 

□ P 10 

P32/T02 C 

11 

54 

□ IC1 

P 33 /TII C 

12 

53 

□ PO 4 /XT 1 

P 34 /TI 2 C 

13 

52 

□ XT2 

P 35 /PCL 11 

14 

51 

□ ICO 

pse/Buz c 

15 

50 

□ XI 

P37 C 

16 

49 

□ X2 

vss ^ 

17 

48 

^ Vdd 

P4o/ADo C 

18 

47 

□ P03^INTP3 

P4i/ADi C 

19 

46 

□ P02^INTP2 

P42/AD2 C 

20 

45 

□ P 01 /INTP 1 

P 43 /AD 3 c 

21 

44 

□ P0(yiNTP0 

P 44 /AD 4 c 

22 

43 

□ RESET 

P 45 /AD 5 C 

23 

42 

□ P 67 /ASTB 

P46/AD6 C 

24 

41 

□ P 66 /WAIT 

P 47 /AD 7 C 

25 

40 

□ P 65 /WR 

PSq/As C 

26 

39 

□ P 64 /RD 

PS-j/Ag Cl 

27 

38 

□ P 63 

P 52 /A 10 c 

28 

37 

□ P 62 

P53^Aii C 

29 

36 

□ P 61 

P 54 /A 12 C 

30 

35 

□ P 60 

P 55 /A 13 c 

31 

34 

□ P 57 /A 15 

VssC 

32 

33 

□ P5e/Ai4 

Notes: 




(1) Connect ICO, IC1, and IC3 (Internally connected) pins to Vss- 

(2) Connect IC2 to Vdd- 
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Pm Configurations (cont) 


64-Pin Plastic QFP 


§ i g 

0 0 9 

Ijo OT OT 

N-CDlOTfCOtM 

SIS!S!SLS!S!SL!S!99Q!a[oLQlEE 


POoC 

1 

P31/T01 C 

2 

P32/T02 C 

3 

POsH’ll C 

4 

P34/TI2 C 

5 

P35^PCL C 

6 

P36/BUZ C 

7 

P37 C 

8 

vss C 

9 

P4(/ADo C 

10 

P4i/ADi C 

11 

P42^AD2 C 

12 

P43^AD3 C 

13 

P 44 /AD 4 C 

14 

P45^AD5 C 

15 

P46^AD6 C 

16 


64 63 62 61 60 69 58 57 56 55 54 53 52 51 50 49 

o ^ 


48 

□ PI 1 

47 

□ PI 0 

46 

□ IC1 

45 

□ PO 4 /XTI 

44 

□ XT2 

43 

□ ICO 

42 

□ XI 

41 

□ X2 

40 

^ Vdd 

39 

□ P03^INTP3 

38 

□ P 02 ^INTP 2 

37 

□ PO 1 /INTPI 

36 

□ P0(/INTP0 

35 

□ RESET 

34 

□ P 67 /ASTB 

33 

□ P 66 /WAiT 


17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 


5-££.i5'^^S> S’.S- £1’ 


Notes: 

(1) Connect ICO, IC1, and IC3 (internally connected) 
plnstoVss- 

(2) Connect IC 2 to Vdq. 
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NEC 


Pin Functions; Normal Operating Mode 

Symbol 

First Function 

Symbol 

Alternate Function 

POo 

Port 0; 5-bit, bit selectable I/O port 

INTPO 

External maskable interrupt 

P0i 

(Bits 0 and 4 are input only) 

INTP1 


PO 2 


INTP2 


PO 3 


INTP3 


PO 4 


XT1 

Crystal oscillator or external clock input for 
subsystem clock 

PI0-PI7 

Port 1; 8 -bit, bit-selectable I/O port 

— 


P2o-P24 

Port 2; 8 -bit, bit-selectable I/O port 

— 


P25 


SIO 

Serial data input 3-wire serial I/O mode 



SBO 

2/3-wire serial I/O mode 

P 26 


SCO 

Serial data output 3-wire serial I/O mode 



SB1 

2/3-wire serial I/O mode 

P 27 


S^ 

Serial clock I/O for serial interface 0 

P3o 

Port 3; 8 -bit, bit-selectable I/O port 

— 


P3i 


T01 

Timer output from timer 1 

P32 


T02 

Timer output from timer 2 

P33 


TI1 

External count clock input to timer 1 

P34 


TI2 

External count clock input to timer 2 

P35 


PCL 

Programmable clock output 

P36 


BUZ 

Programmable buzzer output 

P37 


— 


P4o - P 47 

Port 4; 8 -bit I/O port 

ADq -AD 7 

Low-order 8 -bit multiplexed address/data bus 
for external memory 

P5o-P57 

Port 5; 8 -bit, bit selectable I/O port 

A8‘Ai5 

High-order 8 -bit address bus for external 
memory 

P 60 - P 63 

Port 6 ; 8 -bit, bit selectable (PSq to P 63 n-channel 

— 


P 64 

open-drain I/O with mask option pullup resistors; 

P 64 - P 67 I/O). See note. 

W 

External memory read strobe 




P 65 


Sm 

External memory write strobe 

P 66 


mn 

External memory wait signal input 

P 67 


ASTB 

Address strobe used to latch address for 
external memory 

RESET 

External system reset input 



X1 

Crystal/ceramic resonator connection or external 
clock input for main system clock 



X2 

Crystal/ceramic resonator connection or inverse of 
external clock for main system clock 



XT 2 

Crystal oscillator or left open when using external 
clock for subsystem clock 



Vdd 

Power supply input 



Vss 

Power supply ground 



ICO to IC3 

Internal connection 




Note: See table 3 and figure 4 for details. 
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PPD78002 Family 


Block Diagram 


T01/P31 - 
TI1/P33 - 


T02^P32 - 
TI2^34 - 


8 -blt Timer/ 
Event Counter 1 




8 -blt Timer/ 
Event Counter 2 


a 


Watchdog Timer 




SI0/SB0/P25 - 
SOO/SB1/P26 ‘ 
SCK0/P27 - 


Serial Interface 0 


P 


INTP 3 /PO 3 '■ 


INTPO/POq- r-—N] Interrupt 

J —l/T Controller |Vv 


Program Counter 


3E 


internal 

Program Memory 
(ROM) 

Note 1 


I 


P 



General Reg. 

Decode 


Internal 

and 


Data Memory 

Control 


(RAM) 



Notel 




p 



Buzzer 

Programmable 

Clock 

Clock Generator 

Standby 

Output 

Clock Output 

Divider 

Sub 

Main 

Control 


I V 


BUZ/P36 PCL/P 35 PO 4 /XTI >CT2 X1 X2 


RESET Vdd Vss 'CO- 
ICS 


0 | Porto I Q PO 0 -PO 4 

OEilO ’’^<>■’’’7 
0 | I Q P20-P27 

0 | P°rt3 I Q P30-P37 

OEiJO 

0 | P°rt5 I Q P50-P57 


P 


External 

Access 


O ADo/P4o- 
AD 7 /P 47 

yl-\ As/PSo- 
NV ^5/P57 
RD/P64 
-> WWP 65 
W^/P66 
^ ASTB/P67 


Notes: 

(1) The internal ROM and RAM size dependent on the device. 
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fiPD78002 Family 


|iPD78002 and |tPD78014 Family Differences 

The /iPD78002 family is pin compatible with the 
/iPD78014 family and shares the same programmable 
device, the /iPD78P014. The )l/PD 78002 family offers a 
reduced set of features. Table 1 lists only the differ¬ 
ences between the two families. All other features not 
listed are identical for both. 


Table 1. Differences Between juPD78002 and 
fiPD78014 Families 


Item 

MPD78002 Family 

fiPD78014 Family 

Maximum internal ROM 

16K bytes 

32K bytes 

Maximum internal high¬ 
speed RAM 

384 bytes 

1024 bytes 

Buffer RAM 

None 

32 bytes 

Multipiy/divide 

Instructions 

None 

Available 

16-bit timer/event counter 

None 

One 

Serial interface 1 (3-wire 
and 3-wire with automatic 

None 

One 

transmit/receive) 



Vectored internal 
interrupts 

7 

10 

A/D converter 

None 

8-bit, 8 channels 


FUNCTIONAL DESCRIPTION 
Central Processing Unit 

The central processing unit (CPU) of the /jPD 78002 
family features 8- and 16-blt arithmetic. 

A CALLT vector table and a CALLF area decrease the 
number of bytes in the call instructions for commonly 
used subroutines. A 1-byte call instruction can access 
up to 32 subroutines through their addresses con¬ 
tained in the CALLT vector table (40H to 7FH). A 2-byte 
call instruction can access any routine beginning in a 
specific CALLF area (0800H to OFFFH). 


Internal System Clock Generator 

The internal system clocks of the jL/PD78002 family are 
derived from either the main system or the subsystem 
oscillator. See figure 1. The clocks for the watch timer 
and programmable clock output are derived from either 
the subsystem clock (fxj) or the main system clock. The 
clocks for all other peripheral hardware are derived 
from the main system clock. 

The CPU clock (0) can be supplied from either the main 
system clock (fx) or the subsystem clock (fxi)- Using 
the processor clock control register (PCC), a CPU clock 
frequency equal to fx, fx/2, fx/4, fx/8, fx/16 or the sub¬ 
system clock fxT can be selected. The CPU clock 
selected should be based on the power supply voltage 
available and the desired power consumption. On 
power up, the CPU clock defaults to the lowest speed 
from the main system clock and can be changed while 
the microcontroller is running. 

Since the shortest instruction takes four CPU clocks to 
execute, the fastest minimum instruction execution 
time (tcv) of 0.4 /is is achieved when using a main 
system clock at 10 MHz (Vdd equals 4.5 to 6.0 V). 
However, if the clock timer must generate an interrupt 
every 0.5 or 0.25 seconds, tcv is 0.48 jus at 8.38 MHz. 
The fastest minimum instruction execution time avail¬ 
able across the full voltage range of 2.7 to 6.0 V Is 0.96 
JUS when using a main system clock of 8.38 MHz. For the 
lowest power consumption, the CPU can be operated 
from the subsystem clock and the minimum instruction 
execution time Is 122 jus at 32.768 kHz. 
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Figure 1. Internal System Clock Generator 


From 

PCC 
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iLiPD78002 Family 


Memory Space 

The /iPD78002 family has a 64K-byte address space. 
Some of this address space (OOOOH-FFFFH) can be 
used as both program and data memory as shown in 
figure 2. 

Figure 2. Memory Map 



Notes: 

(1) 1FFFHon|xPD78001 
3FFFH on |xPD78002 

(2) FDFFH on HPD78001 
FD7FH on nPD78002 


8 








JLIPD78002 Family 


Internal Program Memory 


CPU Control Registers 


All devices in the jLiPD78002 family have Internal pro¬ 
gram memory. The/iPD78001 B contains 8K bytes while 
the/iPD78002B contains 16K bytes of Internal ROM. The 
/LiPD78P014 contains 32K bytes of UV EPROM or one 
time programmable ROM. To allow the ^PD78P014 to 
emulate the mask ROM devices, the amount of internal 
program memory available in the /iPD78P014 can be 
selected using the memory size switching register 
(IMS). 

Internal RAM 

The)L/PD78001B contains 256 bytes (FEOOH to FEFFH) 
while the a^PD 78002B contains 384 bytes (FD80H to 
FEFFH) of high-speed Internal RAM. The high-speed 
Internal RAM contains the general register banks and 
the stack. The remainder of the high-speed Internal 
RAM and any unused register bank locations are avail¬ 
able for general storage. 

To allow the /jPD 78P014 to emulate the mask ROM 
devices, the amount of high-speed Internal RAM in the 
/;PD78P014 can also be selected using the IMS. 

External Memory 

The /iPD78002 family can access 0, 256, 4K, 16K or all 
available bytes of external memory. The /;PD78002 
family has an 8-bit wide external data bus and a 16-bit 
wide external address bus. The low-order 8 bits of the 
address bus are multiplexed and also provide the 8-bit 
data bus and are supplied by port 4. The high-order 
address bits of the 16-bit address bus are taken from 
port 5 as required. The a ddress latch, read, and write 
strobes, and the external WAIT signal are supplied by 
port 6. 

The memory expansion mode register (MM) controls 
the size of external memory. It can be programmed to 
use 0, 4, 6, or 8 bits from port 5 for the high-order 
address. Any remaining port 5 bits can be used for I/O. 
The MM register also can be used to specify one 
additional wait state or the use of the external WAIT 
signal for low-speed external memory or external pe¬ 
ripheral devices. 

When only Internal ROM and RAM are used and no 
external memory is required, ports 4, 5 and 6 are 
available as general purpose I/O ports. 


Program Counter. The program counter is a 16-bit 
binary counter register that holds the address of the 
next instruction to be executed. During reset, the 
program counter Is loaded with the address stored In 
locations OOOOH and 0001H. 

Stack Pointer. The stack pointer Is a 16-bit register that 
holds the address of the last item pushed onto the 
stack. It is decremented before new data is pushed 
onto the stack and incremented after data is popped 
off the stack. 


Program Status Word. The program status word 
(PSW) is an 8-bit register that contains flags that are 
set or reset depending on the results obtained during 
the execution of an instruction. This register can be 
written to or read from 1 bit or 8 bits at a time. The 
assignment of PSW bits follows. 
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7 0 


IE 

Z 

RBS1 

AC 

RBSO 

0 

ISP 

CY 


CY 

ISP 

RBSO, RBS1 
AC 
Z 
IE 


Carry flag 

In-service (interrupt) priority flag 
Register bank selection flags 
Auxiliary carry flag 
Zero flag 

Interrupt request enable flag 


General Registers 

The general-purpose registers (figure 3) consist of four 
banks of registers located at addresses FEEOH to 
FEFFH in Internal RAM. Each bank consists of eight 
8 -blt general registers that can also be used in pairs to 
function as four 16-bit registers. Two bits in the PSW 
(RBSO and RSB1) specify which of the register banks is 
active at any time and are set under program control. 

Registers have both functional names A, X, B, C, D, E, H 
or L for 8-bit registers and AX, BC, DE, and HL for 16-bit 
registers) and absolute names (like R1, RO, R3, R2, R5, 
R4, R7, or R6 for 8-bit registers and RPO, RP1, RP2 or 
RP3for 16- bit registers). Either the functional or abso¬ 
lute register names can be used in Instructions that 
use the operand identifiers r and rp. 
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Figure 3. General Registers 


FEEOH 


FEFFH 


Register 

Bank 

3 


For8-Blt 

Processing 


For 16-Blt 
Processing 


FEF9H 

(R1)A 

(R0)X 

FEF8H 

(RPO) AX 


(R3)B 

(R2)C 


(RP1) BC 


(R5)D 

(R4)E 


(RP2) DE 

FEFFH 

(R7)H 

(R6)L 

FEFEH 

(RP3) HL 


( ) = Absolute Name 


FEF8H 

FEFAH 

FEFCH 

FEFEH 


Addressing 

The program memory addressing (ROM) modes pro¬ 
vided are relative, immediate, table indirect, and regis¬ 
ter addressing. The operand addressing modes pro¬ 
vided are implied, register, direct, short direct (saddr), 
special function (SFR), register indirect, based, based 
indexed, and stack addressing. 

The ‘SFR addressing’ and ‘saddr addressing’ modes 
use direct addressing and require only 1 byte in the 
instruction to address RAM. Normally a 65K byte ad¬ 
dress space requires 2 bytes to address it. One-byte 
addressing results in faster access times, since the 
instructions are shorter. SFR addressing addresses the 
entire 256-byte SFR address space from FFOOH to 
FFFFH. Saddr addressing (see figure 2) addresses the 
256-byte address space FE20H to FF1FH. FE20H to 
FEFFH are composed of 224 bytes of internal high 
speed RAM; FFOOH to FF1FH contain the first 32 bytes 
in the special function register area 

One-byte addressing is accomplished by using the first 
byte of the instruction for the opcode (and one oper¬ 
and if register A or AX is used) and the second byte of 
the instruction as an address (offset) Into the 256-byte 
area. If register A or AX is used, the instructions are 2 
bytes long, thereby providing fast access times. If 
immediate data is used, the instruction will be 3 or 4 
bytes long depending upon whether the Immediate 
data is a byte or a word. Many 16-bit SFRs are In the 
space FFOOH to FF1FH. Using AX as an operand to 
these SFRs will provide fast access, since the instruc¬ 
tions will be only 2 bytes long. 


Special Function Registers 

The input/output ports, timers, capture and compare 
registers, and mode and control registers for both the 
peripherals and CPU are collectively known as special 
function registers. They are all memory-mapped be¬ 
tween FFOOH and FFFFH and can be accessed either 
by main memory addressing or by SFR addressing. 
FFOOH to FF1FH can also be accessed using saddr 
addressing. They are either 8 or 16 bits as required, and 
many of the 8-bit registers are bit addressable. 

Locations FFDOH through FFDFH are known as the 
external access SFR area. Registers in external cir¬ 
cuitry interfaced and mapped to these addresses can 
only be addressed by main memory addressing. Table 
2 lists the special function registers. 
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Table 2. Special Function Registers 

Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

RfW 

1 

8 

16 

State After Reset 

FFOOH 

Porto 

PO 

R/W 

X 

X 

__ 

OOH 

FF01H 

Port 1 

PI 

R/W 

X 

X 

— 

OOH 

FF02H 

Port 2 

P2 

R/W 

X 

X 

— 

OOH 

FF03H 

Ports 

P3 

R/W 

X 

X 

— 

OOH 

FF04H 

Port 4 

P4 

R/W 

X 

X 

— 

Undefined 

FF05H 

Ports 

P5 

R/W 

X 

X 

— 

Undefined 

FF06H 

Porte 

P6 

R/W 

X 

X 

— 

Undefined 

FF16H 

Compare register 10 

CR10 

R/W 

_ 

X 

— 

Undefined 

FF17H 

Compare register 20 

CR20 

R/W 

— 

X 

— 

Undefined 

FF18H 

8-bit timer register 1 

TM1 

R 

X 

X 

— 

OOH 

FF19H 

8-bit timer register 2 

TM2 

R 

X 

X 

— 

OOH 

FF18H-FF19H 

16-bit timer register 

TMS 

R 

— 

— 

X 

OOOOH 

FF1AH 

Serial I/O shift register 0 

SlOO 

R/W 

— 

X 

— 

Undefined 

FF20H 

Port mode register 0 

PMO 

R/W 

X 

X 

— 

1FH 

FF21H 

Port mode register 1 

PM1 

R/W 

X 

X 

— 

FFH 

FF22H 

Port mode register 2 

PM2 

R/W 

X 

X 

— 

FFH 

FF23H 

Port mode register 3 

PM3 

R/W 

X 

X 

— 

FFH 

FF25H 

Port mode register 5 

PM5 

R/W 

X 

X 

— 

FFH 

FF26H 

Port mode register 6 

PM6 

R/W 

X 

X 

_ 

FFH 

FF40H 

Timer clock select register 0 

TCLO 

R/W 

X 

X 

— 

OOH 

FF41H 

Timer clock select register 1 

TCL1 

R/W 

— 

X 

— 

OOH 

FF42H 

Timer clock select register 2 

TCL2 

R/W 

— 

X 

— 

OOH 

FF43H 

Timer clock select register 3 

TCL3 

R/W 

— 

X 

— 

88H 

FF47H 

Sampling clock select register 

SCS 

R/W 

— 

X 

_ 

OOH 

FF49H 

8-bit timer mode control register 

TMCl 

R/W 

X 

X 

— 

OOH 

FF4AH 

Watch timer mode control register 

TMC2 

R/W 

X 

X 

— 

OOH 

FF4FH 

8-bit timer output control register 

TOC1 

R/W 

X 

X 

— 

OOH 

FF60H 

Serial operating mode register 0 

CSIMO 

R/W 

X 

X 

— 

OOH 

FF61H 

Serial bus interface control register 

SBIC 

R/W 

X 

X 


OOH 

FF62H 

Slave address register 

SVA 

R/W 

_ 

X 

— 

Undefined 

FF63H 

Interrupt timing specify register 

SINT 

R/W 

X 

X 

— 

OOH 

FFDOH-FFDFH 

External SFR access area(Note 1) 

— 

R/W 

X 

X 

— 

Undefined 

FFEOH 

Interrupt flag register L 

IFOL 

R/W 

X 

X 

— 

OOH 

FFE1H 

Interrupt flag register H 

IFOH 

R/W 

X 

X 

— 

OOH 

FFE0H-FFE1H 

Interrupt flag register 

IFO 

R/W 

— 

— 

X 

OOOOH 

FFE4H 

Interrupt mask flag register L 

MKOL 

R/W 

X 

X 


FFH 

FFE5H 

Interrupt mask flag register H 

MKOH 

R/W 

X 

X 

— 

FFH 

FFE4H-FFE5H 

Interrrupt mask flag register 

MKO 

R/W 

— 

— 

X 

FFFFH 

FFE8H 

Priority order specify flag register L 

PROL 

R/W 

X 

X 

— 

FFH 

FFE9H 

Priority order specify flag register H 

PROH 

R/W 

X 

X 

_ 

FFH 
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Table 2. 

Special Function Registers (cont) 











Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

FFE 8 H-FFE 9 H Priority order specify flag register 

PRO 

R/W 

— 

— 

X 

FFFFH 

FFECH 

External interrupt mode register 

INTMO 

R/W 

_ 

X 

__ 

OOH 

FFF6H 

Key return mode register 

KRM 

R/W 

x 

X 


02 H 

FFF 7 H 

Pullup resistor option register 

PUO 

R/W 

X 

X 

— 

OOH 

FFF8H 

Memory expanded mode register 

MM 

R/W 

X 

X 

— 

10 H 

FFF 9 H 

Watchdog timer mode register 

WDTM 

R/W 

X 

X 

— 

OOH 

FFFAH 

Oscillation stabilization time select register 

OSTS 

R/W 

— 

X 

— 

04 H 

FFFBH 

Processor clock control register 

PCC 

R/W 

X 

X 

~ 

04 H 


Note: The external access area cannot be accessed using SFR 
addressing. It can only be accessed using main memory 
addressing. 


Input/Output Ports 

The ^PD78002 family has up to 53 port lines. Table 3 
lists the features of each port and figure 4 shows the 
structure of each port pin. 

Tables. Digital Port Functions 


Port 

Operational Features 

Configuration 

Direct Drive Capability 

Software Pullup Resistor Connection 
(Note 1) 

Port 0 (Note 2 ) 

5 -bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 1 

8-bit input or output 

Bit selectable 


Byte selectable, Input bits only 

Port 2 

8-bit Input or output 

Bit selectable 


Byte selectable, input bits only 

Ports 

8-bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 4 

8-blt input or output 

Byte selectable 


Byte selectable, input bits only 

Ports 

8-bit input or output 

Bit selectable 

LED 

Byte selectable, input bits only 

Porte 

8-bit input or output 
(P60- P63 n-channel) 

Bit selectable 

15 V max (P60-P63) 

Byte selectable, input bits only 

P60 - P63 - mask option only (Note 3 ) 

P64 - P67 - software 


Notes: 

( 1 ) Software pullup resistors can be internally connected (only on a 
port-by-port basis) to port bits set to input mode. Puiiup resis¬ 
tors are not connected to port bits set to output mode. 

( 2 ) POq and PO4 are input oniy and do not have a software pullup 
resistor. 

( 3 ) All devices except/iPD 78 P 014 . 
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Serial Interface 

The jL/PD78002 family has one serial interface. Serial 
interface 0 is an 8-bit clock synchronous serial Inter¬ 
face (figure 5). It can be operated in either a three-wire 
serial I/O mode, NEC serial bus interface (SBI) mode, or 
two-wire serial I/O mode. The serial clock can be pro¬ 
vided from one of eight internal clocks, the ou tput o f 
8-bit timer register 2, or the external clock line SCKO. 


Figure 5. Serial interface 0 
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In the three-wire serial I/O mode, the 8-bit shift register 
(SlOO) is loaded with a byte of data and eight clock 
pulses are generated. The falling edge of these eight 
pulses shifts the byte of data out of the SOO line (either 
MSB or LSB first) while the rising edge of these pulses 
shifts the data In from the SIO line providing full-duplex 
operation. The INTCSIO interrupt Is generated after 
each 8-blt transfer. 

The NEC SBI mode is a two-wire high-speed proprietary 
serial interface available on most devices in the NEC 
/iPD75xxx and /iPD78xxx product lines. Devices are 
connected in a master/slave configuration (see figure 
6). There is only one master device at a time; all others 
are slaves. The master sends addresses, commands, 
and data over one of the serial bus lines (SBO or SB1) 
using a fixed hardware protocol synchronized with the 
SCKO line . Each slave device of the /iPD78002 family 
can be programmed to respond in hardware to any one 
of 256 addresses set in Its slave address register (SVA). 
There are also 256 commands and 256 data types. 
Since all commands are user definable, many software 
protocols, simple or complex, can be defined. It is even 
possible to develop commands to change a slave Into a 
master and the previous master into a slave. 


Figure 6. SBI Mode Master/Slave Configuration 



The two-wire serial I/O mode provides half-dupl ex op- 
eration using either the SBO or SB1 line and the SCKO 
line. Communication format and handshaking can be 
handled in software by controlling the output levels of 
the data and clock lines between transfers. For data 
transmission, the 8-bit shift register (SlOO) is loaded 
with a byte of data and eight clock pulses are gener¬ 
ated. The falling edge of these eight pulses shifts the 
byte of data out of either the SBO or SB1 line MSB first. 
In addition, this byte of data is also shifted back into 
SlOO on the rising edge of these pulses providing a way 
of verifying that the transmission was correct. 


For data reception, the SlOO register is preloaded with 
the value FFH. As this data value is shifted out on the 
falling edge of the serial clock, it disables the n-channel 
open-drain driver. This allows the receive data to be 
driven on to the serial line and shifted into the SlOO 
register on the rising edge of the serial clock. The 
INTCSIO interrupt is generated after each 8-bit transfer. 



Timers 


The pPD78002 family has two 8-bit timer/event 
counters that can be combined for use as a 16-bit 
timer/event counter, a watch timer, and a watchdog 
timer. All of these can be programmed to count a 
number of prescaled values of the main system clock. 
In addition, the watch timer can also count the sub¬ 
system clock. The two timer/event counters can count 
external events. 

8-Bit Timer/Event Counters 1 and 2. Timer/event 
counters 1 and 2 (figure 7) each consist of an 8-bit 
timer (TM1 orTM2), an 8-blt compare register (CR10 or 
CR20), and a timer output control logic (T01 or T02). 
The timers are controlled by registers TCL1, TMC1, and 
T0C1 via five seletors. Timer/event counters 1 and 2 can 
each be used as an 8-bit interval timer, to count 
external events on the timer Input pins (Til orTI2), orto 
output a programmable square wave. In addition, tim¬ 
ers 1 and 2 also can be combined as a 16-bit timer/ 
event counter and used as a 16-bit interval timer, to 
count external events on Til, or to output a program¬ 
mable square wave on T02. 
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Figure 7. 8~Bit Timer/Event Counters 1 and 2 
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8-Bit Timer Mode 
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Control Register (TMC1) 
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Watch Timer. The watch timer (figure 8) is a 5-bit timer 
that can be used as a time source to keep track of time 
of day, to release the STOP or HALT modes at regular 
Intervals, or to Initiate any other task that must be 
performed at regular intervals. When driven by the 
subsystem clock, the watch timer continues to operate 
in the STOP mode. 

The watch timer can function as both a watch timer and 
an Interval timer simultaneously. When used as a watch 
timer. Interrupt request INTWT (not a vectored Inter¬ 
rupt) can be generated using a main system clock or a 
subsystem clock every 0.5 or 0.25 seconds. 

When used as an interval timer, vectored interrupt 
request INTTM3 Is generated at preselected time inter¬ 
vals. With a main system clock of 8.38 MHz or a 
subsystem clock of 32.768 kHz, the following time 
intervals can be selected: 489 jjs, 978 fjs, 1.96 ms, 3.91 
ms, 7.82 ms or 15.6 ms. 

Figure 8. Watch Timer 



83CL-9480B (7/93) 
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Watchdog Timer. The watchdog timer (figure 9) can be 
used as either a watchdog timer or an interval timer. 
When used as a watchdog timer, it protects against 
program run-away. It can be selected to generate a 
nonmaskable Interrupt (INTWDT), which vectors to ad¬ 
dress 0004H, or to generate an internal reset signal, 
which vectors to the restart address OOOOH If the timer 
Is not cleared by the program before it overflows. Eight 
program-selectable Intervals based on the main sys¬ 
tem clock are available. With a main system clock of 
8.38 MHz, the program selectable intervals are 0.489, 
0.978, 1.96, 3.91, 7.82, 15.6, 31.3, and 125 ms. Once the 
watchdog timer Is initialized and started, the timer’s 
mode cannot be changed and the timer can only be 
stopped by an external reset. 

When used as an interval timer, maskable interrupts 
(INTWDT), which vector to address 0004H, are gener¬ 
ated repeatedly at a preset interval. The time intervals 
available are the same as In the watchdog timer mode. 


Figure 9, Watchdog Timer 
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Programmable Clock Output Buzzer Output 

TheJL/PD78002family has a programmable clock output The jLiPD78002 family also has a programmable buzzer 

(PCL) that can be used for carrier output for remote output (BUZ). The buzzer output frequency can be 

controlled transmissions or as a clock output for pe- programmed to be equal to the main system clock (fx) 

ripheral devices. The main system clock (fx) divided by divided by 1024, 2048, or 4096. With a main system 

8, 16, 32, 64, 128, or 256 or the subsystem clock (fxi) clock of 8.38 MHz, the buzzer can be set to 8.2,4.1 or 2.0 

can be output on the PCL pin. Frequencies of 1050, 524, kHz. See figure 11. 

262, 131, 65.5 and 32.7 kHz are available with a main 
system clock of 8.38 MHz. See figure 10. 


Figure 10. Programmable Clock Output 



Figure 11. Buzzer Output 
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Interrupts 

The/iPD78002 family has 11 maskable hardware inter¬ 
rupt sources (5 external and 6 Internal). Of these 11 
interrupt sources, 9 cause a vectored interrupt while 
the 2 testable inputs only generate an Interrupt re¬ 
quest. All of the 11 maskable Interrupts can be used to 
release the HALT mode except INTPO. INTPO cannot be 
used to release the STOP mode and cannot release the 


HALT mode when register SOS = 0. In addition, there Is 
one nonmaskable interrupt from the watchdog timer, 
one software Interrupt, and a RESET Interrupt. The 
watchdog timer overflow Interrupt (interrupt vector 
table address 0004H) can be initialized to be a non¬ 
maskable interrupt or the highest default priority mask¬ 
able Interrupt. The software Interrupt, generated by the 
BRK instruction, is not maskable. See table 4 and figure 
12 . 


Table 4, Interrupt Sources and Vector Addresses 


Type of 
Request 

Default 

Priority 

Signal Name 

Interupt Source 

Location 

Vector Interrupt 

Address Configuration 

Restart 

- 

RESET 

RESET input pin 

External 

OOOOH 

— 


— 

INTWDT 

Watchdog timer overflow (when reset mode 
selected) 

Internal 



Nonmaskable 

— 

INTWDT 

Watchdog timer overflow 

(when nonmaskable interrupt selected) 

Internal 

0004H 

A 

Maskable 

0 

INTWDT 

Watchdog timer overflow 
(when interval timer selected) 

Internal 

0004H 

B 


1 

INTPO 

External interrupt edge detection 

External 

0006H 

C 


2 

INTP1 

External interrupt edge detection 

External 

0008H 

D 


3 

INTP2 

External interrupt edge detection 

External 

OOOAH 

D 


4 

1NTP3 

External interrupt edge detection 

External 

OOOCH 

D 


5 

INTCSIO 

End of clocked serial interface 0 transfer 

Internal 

OOOEH 

B 


6 

INTTM3 

Watch timer reference time interval signal 

Internal 

0012H 

B 


7 

INTTM1 

8-bit timer/event counter 1 coincidence signal 

Internal 

0016H 

B 


8 

INTTM2 

8-blt timer/event counter 2 coincidence signal 

Internal 

0018H 

B 

Software 

— 

— 

BRK instruction 

Internal 

003EH 

E 

Test Input 

— 

INTWT 

Watch timer overflow 

Internal 

— 

F 


- 

INTPT4 

Port 4 falling edge detection 

External 

- 

F 


Interrupt Servicing. The jLiPD78002 family provides 
two levels of programmable hardware priority control 
and services all Interrupt requests, except the two 
testable Interrupts (INTWT and INTPT4). Using vec¬ 
tored interrupts, the programmer can choose the prior¬ 
ity of servicing each maskable interrupt by using the 
interrupt control registers. 

Interrupt Control Registers. The/iPD78002family has 
three 16-bit interrupt control registers. The interrupt 
request flag register (IFO) contains an interrupt request 
flag for each interrupt except INTPT4. The Interrupt 
mask register (MKO) is used to enable or disable any 
interrupt except INTPT4. The priority flag register (PRO) 
can be used to specify a high or a low priority level for 
each interrupt except the two testable interrupts. 

Four other 8-bit registers are associated with interrupt 
processing. The key return mode register (KRM) con¬ 
tains the KRIF interrupt request flag associated with 


falling-edge detection on port 4 and the KRMK mask 
flag used to enable or disable clearing of the standby 
mode if a falling edge is detected on port 4. The 
external Interrupt mode register (INTMO) is used to 
select a rising, falling, or both edges as the valid edge 
for each of the external interrupts INTPO to INTP2 
(INTP3 is always falling edge). The sampling clock 
select register (SCS) is used to select a sampling clock 
for the noise eliminator circuit on external Interrupt 
INTPO. 

The IE and the ISP bit of the program status word are 
also used to control interrupts. If the IE bit Is 0, all 
maskable interrupts are disabled. The IE bit can be set 
or cleared using the El and Dl instructions, respec¬ 
tively, or by directly writing to the PSW The IE bit is 
cleared each time an interrupt is accepted. The ISP bit 
Is used by hardware to hold the priority level flag of the 
interrupt being serviced. 
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Figure 12, Interrupt Configurations 


Type A: Internal nonmaskable Interrupt 
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Type B: Internal maskable Interrupt 
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Type C: External maskable Interrupt (INTPO) 
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Figure 12. Interrupt Configurations (cont) 


Type D: External maskable Interrupt (except INTPO) 


Interrupt 

Request 



Signal 


TypeE; Software Interrupt 


TypeF: Test Input 


Interaipt 

Request 



Abbreviations: 

IF: Interrupt request flag 
IE: Interrupt enable flag 
ISP: In-service priority flag 
MK: Interrupt mask flag 
PR: Priority specify flag 

83YL-9366B (2) 
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Interrupt Priority. If the watchdog timer overflow inter¬ 
rupt (INTWDT) has been initialized to be a nonmask¬ 
able Interrupt, it has priority over ail other interrupts. 
Two hardware-controlled priority levels are available 
for ail maskable interrupts that generate a vectored 
Interrupt (i.e., all except the two testable interrupts). 
Either a high or a low priority level can be assigned by 
software to each of the maskable interrupts. Interrupt 
requests of the same priority or a priority higher than 
the processor’s current priority level are held pending 
until interrupts in the current service routine are en¬ 
abled by software or until one instruction has been 
executed after returning from the current service rou¬ 
tine. Interrupt requests of a lower priority are always 
held pending until one instruction has been executed 
after returning from the current service routine. 

The default priorities listed in table 4 are fixed by 
hardware and are effective only when it is necessary to 
choose between two interrupt requests of the same 
software-assigned priority. For example, the default 
priorities would be used after the completion of a 
high-priority routine, if two interrupts of the same 
software priority were pending. 

The software interrupt, initiated by the BRK instruc¬ 
tion, is executed regardless of the processor’s priority 
level and the state of the IE bit. It does not alter the 
processor’s priority level. 

Vectored Interrupt Servicing. When a vectored inter¬ 
rupt is acknowledged, the program status word and 
the program counter are saved on the stack, the pro¬ 
cessor’s priority is set to that specified for the interrupt, 
the IE bit in the PSW Is set to zero, and the routine 
whose address is In the interrupt vector table Is en¬ 
tered. At the completion of the service routine, the RETI 
instruction (RETB instruction for the software inter¬ 
rupt) reverses the process and the yLiPD78002 family 
microcontroller resumes the interrupted routine. 

Standby Modes 

HALT, STOP, and data retention modes are provided to 
reduce power consumption when CPU action is not 
required. 

The HALT mode Is entered by executing a HALT in¬ 
struction while the CPU is operating from the main 
system or subsystem clock. In HALT mode, the CPU 
clock is stopped while the main system and the sub¬ 
system clock continue to run. The HALT mode is re¬ 
leased by any unmasked interrupt request (except 
INTPO if register SCS=0), a nonmaskable Interrupt 
request, an unmasked test input, or an external reset 
pulse. 


Power consumption may be further reduced by using 
the STCP mode. The STCP mode Is entered by execut¬ 
ing a STCP instruction while operating from the main 
system clock. In STCP mode, the main system clock 
Input pin X1 is internally grounded stopping both the 
CPU and the peripheral hardware clock. The STCP 
mode is released by any unmasked interrupt request 
except INTPO, a nonmaskable interrupt request, an 
unmasked test input, or an external reset pulse. Any 
peripheral using the main oscillator as a clock source 
will also be disabled in the STCP mode and interrupts 
from such a peripheral cannot be used to exit the STCP 
mode. Table 5 summarizes both the HALT and STOP 
standby modes. 


Table 5. Standby Mode Operation Status 


Item 

HALT Mode 

STOP Mode 

Setting 

instruction 

HALT instruction 

STOP instruction 

System 
clock when 
setting 

Main system or 
subsystem clock 

Main system clock 

Clock 

oscillator 

Main system and 
subsystem clocks can 
oscillate: CPU clock is 
stopped. 

Subsystem clock can 
oscillate; CPU clock 
and main system 
clock are stopped. 

CPU 

Operation stopped 

Operation stopped 

Ports 

Maintain previous 
state 

Maintain previous 
state 

8-bit timer/ 

event 

counters 

Operational from main 
system clock 

Operational only with 
TI1 and TI2 as count 
clock 

Watch timer 

Operational from main 
system clock or with 
fXT as count clock 

Operational only with 
fXT ss count clock 

Watchdog 

timer 

Operational from main 
system clock 

Operation stopped 

Serial 
interface 0 

Operational from main 
system clock 

Operational only with 
external clock 

External 

interrupts 

Operational except for 
INTPO when its 
sampling clock is 
based on the CPU 
clock 

INTPO not operational; 
INTP1 to INTP3 
operational 


When exiting the STOP mode, awaittime occurs before 
the CPU begins execution to allow the main system 
clock oscillator circuit to stabilize. The oscillator stabi¬ 
lization time is selected by programming the OSTS 
register with one of five values before entering the 
STOP mode. The values range from 0.98 msec to 31.3 
msec at fx= 8.38 MHz. 



fiPD78002 Family 


Once in the STOP mode, power consumption can be 
further minimized by lowering the power supply volt¬ 
age Vdd to as little as 2 V. This places the device in the 
data retention mode. The contents of Internal RAM and 
the registers are retained. This mode is released by first 
raising Vdd to the proper operating range and then 
releasing the STOP mode. 

External Reset 

The /iPD78002 family Is reset by taking the RESET pin 
low or by an over flow of the watchdog timer (if en¬ 
abled). The RESET input pin Is a schmitt-trigger input 
with hysteresis characteristics to protect against spu- 
rious sy stem resets caused by noise. On power-up, the 
RESET pin must remain low for a minimum of 10/;s after 
the power supply reaches its operating voltage. 

There is no functional difference between an external 
reset and an internal reset caused by the overflow of 
the watchdog timer. In both cases, the main system 
clock oscillation Is stopped and the subsystem clock 
oscillation continues. During reset, the program 
counter is loaded with the address contained In the 
reset vector (addresses OOOOH, 0001H). Once the reset 
is cleared and the oscillation stabilization time of 2i8/fx 
has elapsed, program execution starts at that address. 
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ELECTRICAL SPECIFICATIONS 

The following specifications are for the /iPD78001B/ 
002B devices only. Refer to the ^/PD78014 data sheet for 
^PD78P014 device specifications. 

Absolute Maximum Ratings 

Ta = +25°C 


Supply voltage, Vqq 

-0.3 to -1-7.0 V 

Input voltage, V|i (except PSq to P 63 ) 

-0.3 to Vdd+ 0-3 V 

Input voltage, V |2 (P 60 to P 63 : open 
drain) 

-0.3 to +16 V 

Output voltage, Vq 

-0.3 to Vdd+0-3 V 

Output current, high; Iqh 

Each output pin 

Total: ports 1 to 3 

Total: ports 0 and ports 4 to 6 

-10 mA 
-15 mA 
-15 mA 

Output current, low, Iql t 

Each output pin 

Total: P4o to P 47 and 

P5o to PSg 

Total: PO 1 to PO 3 , P5e, P 57 , and P 60 
to P 67 

Total: P0-| to PO 3 and P 64 to P 67 

Total: ports 1 to 3 

30 mA peak, 15 mA rms 
100 mA peak, 70 mA rms 

100 mA peak, 70 mA rms 

50 mA peak, 20 mA rms 
50 mA peak, 20 mA rms 

Operating temperature, Tqpt 

-40 to +85°C 

Storage temperature, Tstg 

-65 to +150°C 


t rms value = peak value x (duty cycle) ^^2 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability: exceeding the ratings could cause perma¬ 
nent damage. The device should be operated within the limits 
specified under DC and AC characteristics. 


Capacitance 

Ta = +25°C; VpD = Vqs = 0 V 


Parameter 

Symbol 

Max 

Unit 

Conditions 


Input 

C|N 

15 

pF 

Except P 60 to P 63 

f = 1 MHz; 

capacitance 


20 

pF 

P 60 to P 63 

unmeasured 
pins returned 
to ground 

Output 

Cqut 

15 

pF 

Except P 60 to P 63 

capacitance 


20 

pF 

P6q to P 63 


Input/output C|o 

15 

pF 

Except P 60 to P 63 


capacitance 


20 

pF 

P6q to P 63 



Main System Clock Oscillator 

Ta = -40 to -f 85°C: Vqd = 2.7 to 6.0 V; refer to figure 13. 


Type 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Ceramic resonator 

Oscillation frequency (Note 1) 

h 

1.0 


10.0 

MHz 

Vqd = oscillator voltage range 

(Figure 13A) 

Oscillation stabilization time (Note 2 ) 




4.0 

ms 

After Vdd reaches oscillator operating voltage 

Crystal resonator 

Oscillation frequency (Note 1) 

fx 

1.0 

8.38 

10.0 

MHz 


(Figure 13A) 

Oscillation stabilization time (Note 2) 




10 

ms 

Vdd = 4.5 to 6.0 V 






30 

ms 


External clock 

XI input frequency (Note 1) 

fx 

1.0 


10.0 

MHz 


(Figure 13B) 

XI input high/low-level width 

^XH. ^XL 

50 


500 

ns 



Notes: 


(1) Oscillator and XI inputfrequencies are included only to showthe (2) Time required for the oscillator to stabilize after reset or STOP 
oscillator characteristics. Refer to the AC Characteristics table mode is released. The values shown are for the recommended 

for actual instruction execution times. resonators. Values for resonators not shown in this data sheet 

should be obtained from the manufacturer’s specification sheets. 
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Subsystem Clock Oscillator 

Ta = -40 to +85°C; Vqd = 2.7 to 6.0 V; refer to figure 14. 


Type 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Crystal resonator 

Oscillation frequency (Note 1) 

^XT 

32 

32.768 

35 

kHz 


(Figure 14A) 

Oscillation stabilization time (Note 2) 



1.2 

2 

s 

Vdd — 4.5 to 6.0 V 






10 

s 


External clock 

XT1 input frequency (Note 1) 

fXT 

32 


100 

kHz 


(Figure 14B) 

XT1 input high/low-level width 

tXTH. txTL 

5 


15 

IJS 



Notes: 

(1) The oscillator and XT1 Input frequencies are included only to 
show the oscillator characteristics. Refer to the AC Characteris¬ 
tics table for actual instruction execution times. 

(2) Time required for the oscillator to stabilize after reset or STOP 
mode is released. The values shown are for the recommended 
resonators. Values for resonators not shown in this data sheet 
should be obtained from the manufacturer’s specification sheets. 

Figure 13. Main System dock Configurations Figure 14. Subsystem dock Configurations 




26 








PPD78002 Family 


Recommended Main System Clock Ceramic Resonators 

Ta = -40 to +85°C; refer to figure 13A 


Part Number 

Recommended Circuit Constant 

Oscillator Voltage Range 

Frequency 

(Notes 1 and 2) 

Cl (pF) 

C2 (pF) 

R1 (kO) 

Min (V) 

Max (V) 

(MHz) ' 

CSB1000J 

100 

100 

6.8 

2.7 

6.0 

1.00 

CSBxxxxJ 

100 

100 

4.7 

2.7 

6.0 

1.01 to 1.25 

CSAX.XXXMK 

100 

100 

0 

2.7 

6.0 

1.26 to 1.79 

CSAx.xxMG 

100 

100 

0 

2.7 

6.0 

1.80 to 2.44 

CSTx.xxMG 

(Note 3) 

(Note 3) 

0 

2.7 

6.0 

1.80 to 2.44 

CSAx.xxMG 

30 

30 

0 

2.7 

6.0 

2.45 to 4.18 

CSTx.xxMGW 

(Note 3) 

(Note 3) 

0 

2.7 

6.0 

2.45 to 4.18 

CSAx.xxMG 

30 

30 

0 

2.7 

6.0 

4.19 to 6.00 

CSTx.xxMGW 

(Note 3) 

(Note 3) 

0 

2.7 

6.0 

4.19 to 6.00 

CSAx-XxMT 

30 

30 

0 

2.7 

6.0 

6.01 to 10.0 

CSTx.xxMTW 

(Note 3) 

(Note 3) 

0 

2.7 

6.0 

6.01 to 10.0 


Notes: 

(1) Manufactured by Murata Mfg. Co., Ltd, (3) Cl and C2 are contained in the ceramic resonators. 

(2) x.xx indicates frequency 


Recommended Subsystem Clock Crystal Resonators 


Ta = -40 to +60°C: refer to figure 14A 



Frequency 

(kHz) 

Recommended Circuit Constant 

Oscillator Voltage Range 

Part Number t 

C3 (pF) C4 (pF) R2 (kfl) 

Min (V) 

Max (V) 

DT-38 (1TA252 EOO, load capacitance 6.3 pF) 

32.768 

12 12 100 


6.0 


t Manufactured by Daishinku 
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jiPD78002 Family 


DC Characteristics 

1/^ = -40 to +85°C; Vqq = 

+2.7 to 6.0 V; 

refer to figures 15-20 




Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

High-level input voltage 

V|H 1 

0.7 Vqq 


Vdd 

V 

Other than below 


V|H 2 

0.8 Vdd 


Vdd 

V 

POo to PO 4 , P2o, P 22 , P 24 to P 27 , 

P33, P34, reset 


V|H3 

0.7 Vdd 


15 

V 

P 60 to P 63 ; open-drain 


V|H4 

Vdd-0.5 


Vdd 

V 

XI, X2 


V|H5 

Vdd -0.5 


Vdd 

V 

Vdd = 4.5to6.0V:XT1, XT 2 

Low-level input voltage 

V|L 1 

0 


0.3 Vdd 

V 

other than below 


V|L 2 

0 


0.2 Vdd 

V 

POq to PO 4 , P2o, P 22 , P 24 to P 27 , 

P33, P34, reset 


V|L3 

0 


0.3 Vdd 

V 

P 60 to P 63 ; Vdd — 4.5 to 6.0 V 



0 


0.2 Vdd 

V 

P 6 q to P 63 


V|L4 

0 


0.4 

V 

XI, X2 


V|L5 

0 


0.4 

V 

XT1,XT2: Vdd = 4.5 to 6.0 v 



0 


0.3 

V 

XT1, XT2 

High-level output voltage 

VoHI 

Vdd - I-O 



V 

Vdd = 4.5 to 6.0 V, Iqh = -1 -0 mA 



Vdd-0.5 



V 

•oh = - 100 /iA 

Low-level output voltage 

VoL 1 


0.4 

2.0 

V 

P5o to P 57 , P 60 to P 63 : 

Vdd = 4.5 to 6.0 V, Iql = 15 mA 





0.4 

V 

Other than above; Vdd “ 4.5 to 6.0 V, 

Iql = 1.6 mA 


V 0 L 2 



0.2 Vqd 

V 

SBO, SB1, S^; Vdd = 4.5 to 6.0 V, 
open-drain, pullup resistance = 1 kO 


VoL3 



0.5 

V 

Iql = 400 ^A 

High-level input leakage 

Ilihi 



3 


V|N = Vdd: except X 1 , X 2 , XT 1 , XT 2 

current 

IlIH2 



20 

[jA 

VlN = Vdd: X1. X 2 , XT 1 , XT 2 


>LIH3 



80 

fjA 

V|N = 15 V; P 6 oto P 63 

Low-level input leakage 

Ilili 



-3 

IjA 

V(N = 0 V; except X1, X2, XT1, XT2 

current 

■lIL2 



-20 


V|N = 0V;X1,X2, XT1, XT2 


>LIL3 



-3 

/iA 

ViN = OV; P 6 oto P 63 (Note 1) 

Output leakage current high 

•lohi 



3 

fjA 

VoUT = Vdd 

Output leakage current low 

•lol 



-3 

juA 

VouT= OV 

Mask option pullup resistor 

Ri 

20 

40 

90 

kO 

V|N = OV; P 6 oto P 63 

Software pullup resistor 

R 2 

15 

40 

90 

kO 

Vdd = 4.5 to 6.0 V; V|N = 0 V, PO^ to PO 3 , 
ports 1 to 5, P 64 to P 67 



20 


500 

kO 

Vdd = 2.7 to 4.5 V; V|n = 0 V, PO^ to PO 3 , 
ports 1 to 5, P 64 to P 67 
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DC Characteristics (cont) 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Power supply current 

Iddi 


7.5 

22.5 

mA 

8,38 MHz crystal oscillation operating mode; 
Vdd= 5.0 V ±10% (Note 2) 




0.8 

2.4 

mA 

8.38 MHz crystal oscillation operating mode; 
Vdd = 3.0 V ±10% (Note 3) 


•dD2 


1.4 

4.2 

mA 

8.38 MHz crystal oscillation HALT mode; 

Vdd = 5.0 V ± 10 % 




550 

1650 

IjA 

8.38 MHz crystal oscillation HALT mode; 

Vdd = 3'OV ± 10 % 


IdD3 


60 

120 

/iA 

32.768 kHz crystal oscillation operating mode; 
Vdd = 5.0 V ± 10 %, XI stop mode, CPU 
operating from subsystem clock 




35 

70 

/iA 

32.768 kHz crystal oscillation operating mode; 
Vdd = 3.0 V ± 10 %, XI stop mode, CPU 
operating from subsystem clock 


>DD4 


25 

50 

/iA 

32.768 kHz crystal oscillation HALT mode; 

Vdd = 5.0 V ± 10 %, XI stop mode 




5 

10 

/iA 

32.768 kHz crystal oscillation HALT mode; 

Vdd = 3.0 V ± 10 %, XI STOP mode 


■dD5 


1 

20 

/iA 

XT 1 = 0 V STOP mode when feedback resistor 
is connected; Vdd = 5.0 V ±10% 




0.5 

10 

/iA 

XT1 = 0 V STOP mode when feedback resistor 
is connected; Vdd = 3.0 V ±10% 


'dD6 


0.1 

20 

/iA 

XT1 = 0 V STOP mode when feedback resistor 
is disconnected; Vdd = 5.0 V ±10% 




0.05 

10 

/iA 

XT1 = 0 V STOP mode when feedback resistor 
is disconnected; Vdd = 3.0 V ± 10 % 


Notes: 


(1) P 6 o to P 63 become -200 /iA (max.) for only 1 clock cycle during 
input instruction execution (no wait) and -3 /iA (max.) during 
instruction other than input. 

(2) When operated in the high-speed mode with the processor clock 
control register set to OOH. 

(3) When operated in low-speed mode with the processor clock 
control register set to 04H. 
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PPD78002 Family 


AC Characteristics 

Ta = -40 to +85°C; Vqq = 2.7 to 6 V ; refer to figures 21 through 26 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Cycle time 
(Min. instruction 

tcY 

0.4 


64 

/7S 

Vqd = 4.5 to 6.0 V; operating on main system 
clock 

execution time) 


0.96 


64 

/JS 

Operating on main system clock 



114 

122 

125 

/iS 

Operating on subsystem clock 

Tl input 


0 


4 

MHz 

Vdd = 4.5 to 6.0 V 

frequency 


0 


275 

kHz 


Tl input high/ 

^IH. fTIL 

100 



ns 

Vdd = 4.5 to 6.0 V 

low-level width 


1.8 



fJB 


Interrupt input 

flNTH. t|NTL 

8/fsam (Note 1) 



fJS 

INTPO 

high/low-level 

width 


10 



fJS 

INTP1 to INTP3 


10 



fJS 

KRO to KR7 (Note 2) 

RESET low-level width 

tRST 

10 



jUS 


Notes: 


(1) By using bits 0 and 1 of the sampling clock select (SCS) register 
in conjunction with bits 0 to 2 of the processor clock control 
(PCC) register, fsam can be set to fx/2N+ 1 (where N = 0 to 4), 
fx/64, or fx/128. 

(2) Port 4 falling-edge detection input. 
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Figure 21. Main System Clock Operation; Figure 24. Tl Timing 



Figure 22. A C Timing Measurements Points 
(except XI and XT1) 



Figure 23. Clock A C Timing Points XI and XT1 
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JIIPD78002 Family 


Read/Write Operation 

Ta = -40 to +85°C, Vdd = 2.7 to 6.0 V; refer to figures 27 through 30 


Parameter 

Symbol 

Min 

Max 

Unit 

Conditions 

ASTB high-level width 

USTH 

0.5 tQY 


ns 


Address setup time to ASTB 4 

Iads 

0,5 Iqy ~ 30 


ns 


Address hold time from ASTB 4 

Iadh 

10 


ns 

Load resistor > 5 kO 

Data input time from address 

^ADD1 


(2+2n)tcY-50 

ns 

Instruction fetch 


tADD2 

5 

(3+2n)tcY -100 

ns 

Data access 

Data input time from RD 4 

^RDDI 


(1+2n)tcY-25 

ns 

Instruction fetch 


1rDD2 


(2.5-1-2n)tcY-100 

ns 

Data access 

Read data hold time 

tRDH 

0 


ns 


^ low-level width 

^RDLI 

(1.5+2n)tcY-20 


ns 

Instruction fetch 


1rDL2 

(2.5+2n)tcY-20 


ns 

Data access 

WAIT 4 input time from RD 4 

Irdwti 


0.5 toY 

ns 

Instruction fetch 


tRDWT2 


1 -5 tQY 

ns 

Data access 

WAIT 4 input time from WR 4 

IWRWT 


0.5 tcY 

ns 


WAIT low-level width 

IWTL 

(0.5+2n)tcY + 10 

(2+2n)tcY 

ns 


Write data setup time to WR t 

%DS 

100 


ns 


Write data hold time from WR t 

IWDH 

5 


ns 


WR low-level width 

%RL1 

(2.5+2n)tcY-20 


ns 


RD 4 delay time from ASTB 4 

Iastrd 

0.5 toY “ 30 


ns 


WR 4 delay time from ASTB 4 

Iastwr 

1.5 tQY ~ 30 


ns 


ASTB t delay time from RD t (external fetch) 

tRDAST 

o 

1 

tcY + 40 

ns 


Address hold time from RD t (external fetch) 

Irdadh 

Icy 

tcY + 30 

ns 


Write data output time from RD t 

Irdwd 

10 


ns 


WR 4 delay time from write data 

IWDWR 

0.5 tcY-120 

0.5 tQY 

ns 

Vdd = 4.5 to 6.0 V 



0.5 tcY-170 

0,5 tQY 

ns 


Address hold time from WR t 

Iwradh 

Icy 

tQY + 60 

ns 

Vdd = 4.5 to 6.0 V 



Icy 

tcY + 100 

ns 


^ t delay time from WAIT t 

IWTRD 

0.5 tcY 

2.5 tQY -1- 80 

ns 


WR t delay time from WAIT t 

IWTWR 

0.5 tcY 

2.5 Iqy -1- 80 

ns 


Notes: 

(1) tcY = tcY/4 

(2) n indicates number of waits. 

(3) Cl = 100 pF 
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Figure 28. Read Operation; Externai Fetch (Wait insertion) 
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JLIPD78002 Family 


Figure 30, Read/Write Operation; Externai Data Access (Wait insertion) 
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Serial Interface, 3-Wire, I/O Mode; Internal SCK Output 

Ta = -40 to +85'“C; Vdd = 2.7 to 6.0 V; refer to figure 31 




Parameter 

Symbol 

Min Typ 

Max 

Unit 

Conditions 


SCK cycle time 

^KCYI 

800 


os 

Vqd = 4.5 to 6.0 V 




3200 


ns 



SCK high- and low-level width 

tKHI. <KL1 

tKCYl/2--50 


ns 

Vqq = 4.5 to 6.0 V 




*KCYi/2-150 


ns 



SI setup time to SCK t 

tsIKI 

100 


ns 



SI hold time from SCK t 

♦ksii 

400 


ns 



SO output delay time from SCK 4 

tKSOI 


300 

ns 

Vqd = 4.5 to 6.0 V: C = 

100 pF (Note 1) 




1000 

ns 

C = 100 pF (Note 1) 


Note 1: C is the load capacitance of the SO output line. 





Serial Interface, 3-Wire I/O Mode; External SCK Input 

Ta = -40 to +85°C: Vqd = 2.7 to 6.0 V; refer to figure 31 





Parameter 

Symbol 

Min Typ 

Max 

Unit 

Conditions 


SCK cycle time 

tKCY2 

800 


ns 

Vqd = 4.5 to 6.0 V 




3200 


ns 



SCK high- and low-level width 

kH2' ^K12 

400 


ns 

Vqq = 4.5 to 6.0 V 




1600 


ns 



SI setup time to SCK t 

tsiK2 

100 


ns 



SI hold time from SCK t 

tKSI2 

400 


ns 



SO output delay time from SCK4 

tKS02 


300 

ns 

Vqq = 4.5 to 6.0 V; C = 

100 pF (Note 1) 




1000 

ns 

C = 100 pF (Note 1) 



Note 1: C is the load capacitance of the SO output line. 


Serial Interface, SBI Mode; Internal SCK Output 

T/y = -40 to +85°C; Vqq = 2.7 to 6.0 V; refer to figure 32 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

SCK cycle time 

tKCY3 

800 



ns 

Vqd = 4.5 to 6.0 V 



3200 



ns 


SCK high- and low-level width 

tKH3. tKL3 

^KCY3/2 - 50 



ns 

Vqd = 4.5 to 6.0 V 



^KCYs/S- 150 



ns 


SBO, SBI setup time to SCK t 

^SIK3 

100 



ns 

Vqd = 4.5 to 6.0 V 



300 



ns 


SBO, SBI hold time from SCK t 

tKSI3 

tKCY3/2 



ns 


SB0,SB1 output delay time from SCK i 

tKS03 

0 


250 

ns 

Vqd = 4.5 to 6.0 V; R = 1 kO, 

C = 100 pF (Note 1) 



0 


1000 

ns 

R = 1 kCi C = 100 pF (Note 1) 

SBO, SBI 4 from SCK t 

^KSB 

^KCY3 



ns 


S^ 4 from SBO, SBI 4 

^SBK 

^KCY3 



ns 


SBO, SBI high-level width 

%BH 

tKCY3 



ns 


SBO, SBI low-level width 

^SBL 

^KCY3 



ns 



Note 1: R and C are the load resistance and load capacitance of the 
SBO and SB1 output lines. 
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Serial Interface, SBI Mode; External SCK Input 

Ta = -40 to -l-85°C: Vqd = 2.7 to 6.0 V; refer to figure 32 


Parameter 

Symbol 

Min Typ 

Max 

Unit 

Conditions 

SCK cycle time 

^KCY4 

800 


ns 

Vqd = 4.5 to 6.0 V 



3200 


ns 


SCK high- and low-level width 

tKH4. ^KL4 

400 


ns 

Vdd = 4.5 to 6.0 V 



1600 


ns 


SBO, SB1 setup time to SCK t 

tSIK4 

100 


ns 

Vdd = 4.5 to 6.0 V 



300 


ns 


SBO, SB1 hold time from SCKt 

<KSI4 

tKCY4/2 


ns 


SBO, SB1 output delay time from SCK i 

tKS04 

0 

300 

ns 

Vdd = 4.5 to 6.0 V; R = 1 kO, C = 100 pF. 
(Note 1) 



0 

1000 

ns 

R = 1 kQ, C = 100 pF (Note 1) 

SBO, SB1 i from SCK t 

^KSB 

^KCY4 


ns 


S^ i from SBO, SB1 i 

tSBK 

^KCY4 


ns 


SBO, SB1 high-level width 

^SBH 

tKCY4 


ns 


SBO, SBI low-level width 

%BL 

tKCY4 


ns 


Note 1: R and C are the load resistance and load capacitance of the 

SBO and SB1 output lines. 




Serial Interface, 2-Wire, I/O Mode; Internal SCK Output 

Ta = -40 to +85°C: Vqq = 2.7 to 6.0 V; refer to figure 33 




Parameter 

Symbol 

Min 

Typ 

Max 

Unit Conditions 

SCK cycle time 

tKCY5 

1600 



ns Vdd = 4.5 to 6.0 V 



3800 



ns 

SCK high-level width 

^KHS 

kCYS - 50 



ns 

SCK low-level width 

'KL5 

^KCY5 /2 - 50 



ns 

SBO, SB1 setup time to SCK t 

tSIKS 

300 



ns 

SBO, SBI hold time from SCK t 

^KSI5 

600 



ns 

SBO, SB1 output delay time from SCK i 

^KSOS 

0 


250 

ns Vqd = 4.5 to 6.0 V 

R = 1 ka C = 100 pF (Note 1) 



0 


1000 

ns R = 1 kQ C = 100 pF (Note 1) 


Note 1: R and C are load resistance and load capacitance of the 
SCKO, SBO, and SBI output lines. 
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Serial Interface, 2-Wire, I/O Mode; External SCK Input 

Ta = -40 to +85°C: Vdd = 2.7 to 6.0 V; refer to figure 33 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

SCK cycle time 

^KCYS 

1600 



ns 

Vdd = 4.5 to 6.0 V 



3800 



ns 


SCK high-level width 

tKH6 

650 



ns 


SCK low-level width 

tKL6 

800 



ns 


SBO, SB1 setup time (to SCK t) 

tSIK6 

100 



ns 


SBO, SB1 hold time (from SCK t) 

^KSie 

%CY6/2 



ns 


SBO, SB1 output delay time from SCK 1 

tKSOe 

0 


300 

ns 

Vdd = 4.5 to 6.0 V 

R = Ika C = 100 pF (Note 1) 



0 


1000 

ns 

R = ^kCXC = 100 pF (Note 1) 


Note 1 : R and C are load resistance and load capacitance of the 
SCKO, SBO, and SB1 output lines. 

Figure 31. Serial interface Timing; 

3-Wire Serial I/O Mode 
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JUPD78002 Family 


Data Memory STOP Mode; Low-Voltage Data Retention 


Ta = -40 to +85°C: refer to figure 34 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Data retention supply voltage 

VdDDR 

2.0 


6.0 

V 


Data retention power supply current 

>DDDR 


0.1 

10 

/iA 

Vdddr = 2.0 V; subsystem clock stop and 
feedback resistor disconnected 

Release signal set time 

tSREL 

0 



fJS 


Oscillation stabilization wait time 

%ArT 


218/lx 


ms 

Release by RESET 




(Note 1) 


ms 

Release by interrupt 


Note: 2l®/fx, 2l^/fx or 2'®/fx can be chosen by using 

bits 0 to 2 of the oscillation stabilization time select (OSTS) 
register. 
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Figure 34. Data Retention Timing 


A. STOP mode is released by RESET input 


Internal reset 
operation 



Operation 

mode 


B. STOP mode is released by interrupt signal 



• Data retention mode - 


Operation 

mode 


Execution of 
STOP Instruction 


Standby release signal 
(Interrupt request) 
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NEC 

NEC Electronics Inc. 
Preliminary_ 


JUPD78002Y Family 
OiiPD78001 BY/002BY/P014Y) 
8-Bit, K-Series Microcontrollers 
General Purpose With |2C Bus 

September 1993 


Description 

The /iPD78001BY, AiPD78002BY, and ii/PD78P014Y* are 
members of the K-Series® of microcontrollers. The 
jL/PD78002Y family Is a variation of the /jPD 78002 family 
with the addition of an |2C bus mode In serial interface 
0. The ^PD78P014Y is used for prototyping since the 
pPD78014Y family is pin and function compatible with, 
and the features are a superset of, the pPD78002Y 
family. The /iPD78002Y features include bit manipula¬ 
tion Instructions, four banks of main registers, an 
advanced interrupt handling facility, and a powerful set 
of memory-mapped on-chip peripherals. On-board 
data memory Includes 256, 384, or 1024 bytes of Inter¬ 
nal high-speed RAM. Program memory options Include 
8K or 16K bytes of mask ROM, or 32K bytes of internal 
UV EPROM or one-time programmable (OTP) ROM. 

The /iPD78002Y family operates over a wide voltage 
range: 2.7 to 6.0 volts. Timing is generated by two 
built-in oscillators. A main oscillator normally drives 
the CPU and most peripherals and at 10 MHz provides 
a minimum instruction time of 0.4 fjs. A subsystem 
oscillator at 32.768 kHz provides time keeping, and 
optionally a slow clock for the CPU. Si nee CMOS power 
dissipation is directly proportional to clock rate, the 
pPD78002Y family provides a software variable CPU 
clock. The HALT and STOP modes are two additional 
power saving features that turn off parts of the micro¬ 
controller for additional power saving. A data retention 
mode permits RAM contents to be saved down to 2 
volts. 

The range of peripherals, Including timers and a serial 
port, makes these devices ideal for applications in 
portable battery-powered equipment, office automa¬ 
tion, communications, consumer electronics, home 
appliances, and fitness equipment. 


* See the//PD78014Y family data sheet for the/iPD78P014Y electrical 
and functional specifications. 

K-Series is a registered trademark of NEC Electronics, Inc. 

Purchase of NEC |2C components conveys a license under the Philips 
|2c Patents Right to use these components in an I^C system, 
provided that the system conforms to the |2C specification as defined 
by Philips. 


Features 

□ One-channel serial communication interface 

— 8-bit clock synchronous Interface 0 

— |2C bus mode 

— Full-duplex, three-wire mode 

— NEC serial bus Interface (SBI) mode 

— Half-duplex, two-wire mode 

□ Timers 

— Watchdog timer 

—Two 8-bit timer/event counters usable as one 
16-bit timer/event counter 

— Clock (watch) timer (time of day tick from either 
oscillator) 

□ 53 I/O lines 

— Two CMOS input-only lines 

— 47 CMOS I/O lines 

— Four n-channel, open-drain I/O lines at 15 V 
maximum 

□ I/O port pullup resistors 

— Software controllable on 47 lines 

— Mask option on four lines on ROM versions 

□ Program memory 

—A/PD78001BY: 8K bytes ROM 
—iL/PD78002BY: 16K bytes ROM 
—pPD78P014Y: 32K bytes EPROM/OTP 

□ Internal high-speed data memory 
—jLiPD78001BY: 256 bytes RAM 
—iL/PD78002BY: 384 bytes RAM 
—pPD78P014Y: 1024 bytes RAM 

° External memory expansion 

— 64K byte total memory space 

□ Powerful Instruction set 

— 16-bit arithmetic and data transfer instructions 

— 1-bit and 8-blt logic Instructions 

□ Minimum instruction execution times: 

— 0.4/0.8/1.6/3.2/6.4 fjs program selectable using 
10-MHz main system clock 

—122 ps selectable using 32.768-kHz subsystem 
clock 

□ Memory-mapped on-chip peripherals (special 
function registers) 

□ Programmable priority, vectored-interrupt 
controller (two levels) * 
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Features (cont) 

° Buzzer and clock outputs 

□ Power saving and battery operation features 
— Variable CPU clock rate 

— HALT mode 
— STOP mode 
— 2-V data retention mode 

□ CMOS operation; Vdd from 2.7 to 6.0 V 


Ordering Information 


Part Number 

ROM 

Package 
(Package Dwg.) 

iL/PD78001BYCW-xxx 

8 K mask ROM 

64-pin plastic 
shrink DIP 
(P64C-70-750 A, C) 

^PD78002BYCW-xxx 

16K mask ROM 

/iPD78001 BYGC-XXX-AB 8 

8 K mask ROM 

64-pin plastic QFP 

/iPD78002BYGC-xxx-AB8 

16K mask ROM 

(P64GC-80-AB8-2) 

/iPD78P014YGC-AB8 
(Note 3) 

32K OTP ROM 


iuPD78P014YDW (Note 3) 

32K UV EPROM 

64-pin ceramic 
shrink DIP w/window 
(P64DW-70-750A) 


Notes: 


(1) XXX indicates ROM code suffix 

(2) All devices listed are standard quality grade 

(3) See the /L/PD78014Y family data sheet for the pfPD78P014Y 
electrical and functional specifications 


Pin Configurations 


64-Pin Plastic Shrink DIP 


P2olI 

pr-x 

^ 64 

□ IC3 

P 2 i C 

2 

63 

□ IC2 

P 22 C 

3 

62 

□ PI 7 

P2qC 

4 

61 

□ P 16 

P 24 C 

5 

60 

□PI 5 

P 25 /SI(ySB 0 /SDA 0 C 

6 

59 

□ PI 4 

P26/SO(ySB1/SDA1 C 

7 

58 

□ PI 3 

P 27 /SCK(ySCL C 

8 

57 

□ PI 2 

PSoC 

9 

56 

□ PI 1 

P31/T01 C 

10 

55 

□ PI 0 

P32/T02 C 

11 

54 

□ ICI 

P33nrii c 

12 

53 

□ PO 4 /XTI 

P34/TI2 C 

13 

52 

3 XT2 

P 35 /PCL 11 

14 

51 

□ ICO 

P36^UZ E 

15 

50 

□ XI 

P37 C 

16 

49 

□ X2 

vss[= 

17 

48 

^ Vdd 

P4o/ADo C 

18 

47 

□ P03^INTP3 

P4i/ADi L 

19 

46 

□ P02^INTP2 

P42/AD2 C 

20 

45 

□ P 01 /INTP 1 

P 43 /AD 3 C 

21 

44 

□ POc/INTPO 

P 44 /AD 4 E 

22 

43 

□ RESET 

P 45 /AD 5 E 

23 

42 

□ P 67 /ASTB 

P46/AD6 E 

24 

41 

□ pseMm 

P 47 /AD 7 E 

25 

40 

□ P 65 /WR 

PSq/As E 

26 

39 

□ P 64 /RD 

PSi/AgE 

27 

38 

□ P 63 

P52^Aio E 

28 

37 

□ P 62 

P5jyAii E 

29 

36 

□ P 61 

P 54 /A 12 E 

30 

35 

□ P 60 

P55^Ai3 E 

31 

34 

□ P 57 /A 15 

vss ^ 

32 

33 

□ P5e/Ai4 

Notes: 

(1) Connect ICO, IC1, and iC3 (internally connected) pins to V 3 S. 

(2) Connect IC2 to V 0 Q, 

83YL-949CVV 
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Pin Configurations (cont) 

64-Pm Plastic QFP 


a.^Q.S!SLS!S!SLS2yQ.tl.Q.QLCLa. 

■□,n n n-G.n.n n n an 

64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 


PSoC 

1 , 

P31/T01 E 

2 

P32/T02 C 

3 

P33rni C 

4 

P34/n2 L 

5 

P35^PCL E 

6 

P36/BUZ E 

7 

P37 E 

8 

vss C 

9 

P4(/ADo E 

10 

P4i/ADi E 

11 

P42^AD2 E 

12 

P43^AD3 E 

13 

P 44 /AD 4 E 

14 

P 45 /AD 5 E 

15 

P46^AD6 E 

16 


17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

" n"n u u ~ n"n ' u ' u rr u u u □ u u u 

^ ^ ^ ° ^ ^ ^ t ^ S ^ S' 

>£■ fl’ 


48 

□ PI 1 

47 

□ PIO 

46 

□ IC1 

45 

□ PO 4 /XTI 

44 

□ XT2 

43 

□ ICO 

42 

□ XI 

41 

□ X2 

40 

□ Vdd 

39 

□ P03^INTP3 

38 

□ P 02 ^INTP 2 

37 

□ PO 1 /INTPI 

36 

□ P0(/INTP0 

35 

□ RESET 

34 

□ P 67 /ASTB 

33 

□ P 66 /W^ 


( 1 ) Connect ICO, IC1, and IC3 (Internally connected) pins to V 33 . 

(2) Connect IC2 to Vqq. 


3 





j[fPD78002Y Family 


Pin Functions; Normai Operating Mode 

Symbol 

First Function 

Symbol 

Alternate Function 

POo 

Port 0; 5-bit, bit selectable I/O port 

INTPO 

External maskable interrupt 

P01 

(Bits 0 and 4 are input only) 

INTP1 


P 02 


INTP2 


P 03 


INTP3 


P 04 


XT 1 

Crystal oscillator or external clock input for 
subsystem clock 

P 10 -P 17 

Port 1; 8 -bit, bit-selectable I/O port 

— 


P2o-P24 

Port 2; 8 -bit, bit-selectable I/O port 



P25 


SIO 

Serial data Input 3-wire serial I/O mode 



SBO 

2/3-wire serial I/O mode 



SDAO 

Serial data bus 0 for I^C bus mode 

P 26 


SCO 

Serial data output 3-wire serial I/O mode 



SB 1 

2/3-wire serial I/O mode 



SDA 1 

Serial data bus 1 for |2C bus mode 

P 27 


SCKO 

Serial clock I/O for serial interface 0 



SCL 

Serial clock I/O for |2c bus mode 

P3o 

Port 3; 8 -bit, bit-selectable I/O port 

— 


P3i 


T01 

Timer output from timer 1 

P32 


T02 

Timer output from timer 2 

P33 


TI1 

External count clock input to timer 1 

P34 


TI2 

External count clock input to timer 2 

P35 


PCL 

Programmable clock output 

P36 


BUZ 

Programmable buzzer output 

P37 


— 


P40-P47 

Port 4; 8 -bit I/O port 

ADq - AD 7 

Low-order 8 -bit multiplexed address/data bus 
for external memory 

P5o-P57 

Port 5; 8 -bit, bit selectable I/O port 

As - Ai5 

High-order 8 -bit address bus for external 
memory 

P 60 - P 63 

Port 6 ; 8 -bit, bit selectable (PBq to P 63 n- 

— 


P 64 

channel open-drain I/O with mask option pullup 
resistors; P 64 - P 67 I/O). See note. 

RD 

External memory read strobe 

P 65 

WR 

External memory write strobe 

PSg 


mn 

External memory wait signal input 

P 67 


ASTB 

Address strobe used to latch address for 
external rnemory 

RESET 

External system reset input 



X 1 

Crystal/ceramic resonator connection or 
external clock input for main system clock 



X 2 

Crystal/ceramic resonator connection or inverse 
of external clock for main system clock 



XT 2 

Crystal oscillator or left open when using 
external clock for subsystem clock 



Vdd 

Power supply input 



Vss 

Power supply ground 



ICO to IC3 

Internal connection 




Note: See table 3 and figure 4 for details 


4 








juPD78002Y Family 


Block Diagram 


8 -blt Timer/ 
Event 
Ckjunter 1 


8 -bIt Timer/ 
Event 
Counter 2 


Watchdog 

Timer 


Program Counter 


Internal 

Program Memory 
(ROM) 

Note 1 


General Reg. 

Internal 
Data Memory 
(RAM) 
Note 1 


O I p”"" l O ^0-™“ 
O I l O 
oIlEEIo 

o[ Port 4 ]o P40-P47 


SIO/SBO/SDAO/P25-« 

SOO/SB1/SDA1/P2e-' 

SCK^SCL/P 27 - 


INTPO/POq- r 
INTPa/P 03 *■ 



Serial 
Interface 0 


Interrupt 

Controller 


PSW SP 


Buzzer 

Programmable 

Clock 

Clock Generator 

Standby 

Output 

Clock Output 

Divider 

Sub Main 

Control 


BUZ/P36 PCiyPSs PO 4 /XTI XT2 XI X2 


Ports K > P 50 -P 57 




yl-K ADo/P4o- 
Vi/ AD 7 /P 47 
Aq/PSq- 
Extemal A 15 /P 57 

Access ■<—>• RD/P 64 
WR/P 65 
WATf/PSe 
ASTB/P 67 


RESET Vdd Vss ICO- 
IC3 


Notes: 

(1) The Internal ROM and RAM size dependent on the device. 
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/tPD78002Y and |iiPD78014Y Family Differences 

The /iPD78002Y family is pin compatible with the 
/iPD78014Y family and shares the same programmable 
device, the/iPD78P014Y The/[/PD78002Y family offers a 
reduced set of features. Table 1 lists only the differ¬ 
ences between the two families. All other features not 
listed are Identical for both families. 


Table 1. Differences Between /aPD78002Y and 
ftPD78014Y Families 


item 

^iPD78002Y Family ^iPD78014Y Family 

Maximum internal ROM 

16K bytes 

32K bytes 

Maximum internal high¬ 
speed RAM 

384 bytes 

1024 bytes 

Buffer RAM 

None 

32 bytes 

Multiply/divide 

instructions 

None 

Available 

16-bit timer/event counter 

None 

One 

Serial interface 1 (3-wire 
and 3-wire with automatic 

None 

One 

transmit/receive) 



Vectored internal 
interrupts 

7 

10 

A/D converter 

None 

8 -bit, 8 channels 


FUNCTIONAL DESCRIPTION 
Central Processing Unit 

The central processing unit (CPU) of the pPD78002Y 
family features 8- and 16-blt arithmetic. 

A CALLT vector table and a CALLF area decrease the 
number of bytes In the call instructions for commonly 
used subroutines. A 1-byte call Instruction can access 
up to 32 subroutines through their addresses con¬ 
tained in the CALLT vector table (40H to 7FH). A 2-byte 
call instruction can access any routine beginning in a 
specific CALLF area (0800H to OFFFH). 


Internal System Clock Generator 

The internal system clocks of thejL/PD78002Y family are 
derived from either the main system or the subsystem 
oscillator. See figure 1. The clocks for the watch timer 
and programmable clock output are derived from either 
the subsystem clock (fxi) or the main system clock. The 
clocks for all other peripheral hardware are derived 
from the main system clock. 

The CPU clock (0) can be supplied from either the main 
system clock (fx) or the subsystem clock (fxi)- Using 
the processor clock control register (PCC), a CPU clock 
frequency equal to fx, fx/2, fx/4, fx/8, fx/16 or the sub¬ 
system clock fxT can be selected. The CPU clock 
selected should be based on the power supply voltage 
available and the desired power consumption. On 
power up, the CPU clock defaults to the lowest speed 
from the main system clock and can be changed while 
the microcontroller Is running. 

Since the shortest instruction takes four CPU clocks to 
execute, the fastest minimum instruction execution 
time (tcv) of 0.4 [js is achieved when using a main 
system clock at 10 MHz (Vdd equals 4.5 to 6.0 V). 
However, if the clock timer must generate an interrupt 
every 0.5 or 0.25 seconds, tcy is 0.48 jjs at 8.38 MHz. 
The fastest minimum instruction execution time avail¬ 
able across the full voltage range of 2.7 to 6.0 V Is 0.96 
fjs when using a main system clock of 8.38 MHz. For the 
lowest power consumption, the CPU can be operated 
from the subsystem clock and the minimum Instruction 
execution time is 122 ps at 32.768 kHz. 
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Figure 1. Internal System Clock Generator 
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Memory Space 

The /iPD78002Y family has a 64K-byte address space. 
Some of this address space (OOOOH-FFFFH) can be 
used as both program and data memory as shown In 
figure 2. 

Figure 2. Memory Map 



NotM: 

(1) 1FFFHonnPD78001Y 
3FFFH on (iPD78002Y 

(2) FDFFHon|iPD78001Y 
FD7FHonjiPD78002Y 
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Internal Program Memory 

All devices in the /iPD78002Y family have Internal pro¬ 
gram memory. The )l/PD 78001BY contains 8K bytes 
while the /JPD78002BY contains 16K bytes of internal 
ROM. The jL/PD78P014Y contains 32K bytes of UV 
EPROM or one time programmable ROM. To allow the 
^PD78P014Y to emulate the mask ROM devices, the 
amount of Internal program memory available in the 
/iPD78P014Y can be selected using the memory size 
switching register (IMS). 

Internal RAM 

The juPD78001 BY contai ns 256 bytes (FEOOH to FE F FH) 
while the jL/PD78002BY contains 384 bytes (FD80H to 
FEFFH) of high-speed Internal RAM. The high-speed 
Internal RAM contains the general register banks and 
the stack. The remainder of the high-speed Internal 
RAM and any unused register bank locations are avail¬ 
able for general storage. 

To allow the ^PD78P014Y to emulate the mask ROM 
devices, the amount of high-speed Internal RAM in the 
jL/PD78P014Y can also be selected using the IMS. 


program counter is loaded with the address stored In 
locations OOOOH and 0001H. 

Stack Pointer. The stack pointer is a 16-blt register that 
holds the address of the last item pushed onto the 
stack. It is decremented before new data Is pushed 
onto the stack and incremented after data is popped 
off the stack. 

Program Status Word. The program status word 
(PSW) is an 8-bit register that contains flags that are 
set or reset depending on the results obtained during 
the execution of an instruction. This register can be 
written to or read from 1 bit or 8 bits at a time. The 
assignment of PSW bits follows. 


7 0 


IE 

Z 

RBS1 

AC 

RBSO 

0 

ISP 

CY 


CY 

ISP 

RBSO, RBS1 
AC 
Z 
IE 


Carry flag 

In-service (Interrupt) priority flag 
Register bank selection flags 
Auxiliary carry flag 
Zero flag 

Interrupt request enable flag 



External Memory 

The jLiPD78002Y family can access 0, 256, 4K, 16K or all 
available bytes of external memory. The /JPD78002Y 
family has an 8-bit wide external data bus and a 16-bit 
wide external address bus. The low-order 8 bits of the 
address bus are multiplexed and also provide the 8-bit 
data bus and are supplied by port 4. The high-order 
address bits of the 16-bit address bus are taken from 
port 5 as required. The a ddress latch, read, and write 
strobes, and the external WAIT signal are supplied by 
port 6. 

The memory expansion mode register (MM) controls 
the size of external memory. It can be programmed to 
use 0, 4, 6, or 8 bits from port 5 for the high-order 
address. Any remaining port 5 bits can be used for I/O. 
The MM register also can be used to specify one 
additional wait state or the use of the external WAIT 
signal for low-speed external memory or external pe¬ 
ripheral devices. 

When only internal ROM and RAM are used and no 
external memory is required, ports 4, 5 and 6 are 
available as general purpose I/O ports. 

CPU Control Registers 

Program Counter. The program counter is a 16-bit 
binary counter register that holds the address of the 
next instruction to be executed. During reset, the 


General Registers 

The general-purpose registers (figure 3) consist of four 
banks of registers located at addresses FEEOH to 
FEFFH in Internal RAM. Each bank consists of eight 
8-blt general registers that can also be used In pairs to 
function as four 16-bit registers. Two bits in the PSW 
(RBSO and RSB1) specify which of the register banks is 
active at any time and are set under program control. 

Registers have both functional names (A, X, B, C, D, E, 
H or L for 8-bit registers and AX, BC, DE and HL for 
16-bit registers) and absolute names (R1, RO, R3, R2, 
R5, R4, R7, or R6 for 8-bit registers and RPO, RP1, RP2, 
or RP3 for 16-bit registers). Either the functional or 
absolute register names can be used in instructions 
that use the operand Identifiers r and rp. 

Addressing 

The program memory addressing (ROM) modes pro¬ 
vided are relative, imediate, table indirect and register 
addressing. The operand addressing modes provided 
are implied, register, direct, short direct (saddr), 
special-function (SFR), register indirect, based, based 
indexed, and stack addressing. 

The ‘SFR addressing’ and ‘saddr addressing’ modes 
use direct addressing, and require only 1 byte in the 
instruction to address RAM. Normally a 65K byte ad- 
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Figure 3, General Registers 


FEFFH 


Register 

Bank 

3 


For8-Blt 

Processing 


For 16-Blt 
Processing 


FEF9H 

(R1)A 

(R0)X 

FEF8H 

(RPO) AX 


(R3)B 

(R2)C 


(RP1) BC 


(R5)D 

(R4)E 


(RP2) DE 

FEFFH 

(R7)H 

(R6)L 

FEFEH 

(RP3) HL 


( ) = Absolute Name 


FEF8H 

FEFAH 

FEFCH 

FEFEH 


dress space requires 2 bytes to address it. One-byte 
addressing results in faster access times, since the 
instructions are shorter. SFR addressing addresses the 
entire 256-byte SFR address space from FFOOH to 
FFFFH. Saddr addressing (see figure 2) addresses the 
256 byte address space FE20H to FF1FH. FE20H to 
FEFFH are composed of 224 bytes of internal high 
speed RAM; FFOOH to FF1FH contain the first 32 bytes 
in the special function register area. 

One byte addressing is accomplished by using the first 
byte of the Instruction for the opcode (and one oper¬ 
and If register A or AX is used) and the second byte of 
the instruction as an address (offset) into the 256-byte 
area. If register A or AX is used, the instructions are 2 
bytes long, thereby providing fast access times. If 
immediate data is used, the Instruction will be 3 or 4 
bytes long depending upon whether the immediate 
data Is a byte or a word. Many 16-bit SFRs are in the 
space FFOOH to FF1FH. Using AX as an operand to 
these SFRs will provide fast access, since the Instruc¬ 
tions will be only 2 bytes long. 


Special Function Registers 

The input/output ports, timers, capture and compare 
registers, and mode and control registers for both the 
peripherals and CPU are collectively known as special 
function registers. They are all memory-mapped be¬ 
tween FFOOH and FFFFH and can be accessed either 
by main memory addressing or by SFR addressing. 
FFOOH to FF1FH can also be accessed using saddr 
addressing. They are either 8 or 16 bits as required, and 
many of the 8-bit registers are bit addressable. 

Locations FFDOH through FFDFH are known as the 
external access SFR area. Registers in external cir¬ 
cuitry interfaced and mapped to these addresses can 
only be addressed by main memory addressing. Table 
2 lists the special function registers. 
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Table 2. Special Function Registers _ 

Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

FFOOH 

Porto 

PO 

R/W 

X 

X 

— 

OOH 

FF01H 

Port1 

PI 

R/W 

X 

X 

— 

OOH 

FF02H 

Port 2 

P2 

R/W 

X 

X 

— 

OOH 

FF03H 

Port 3 

P3 

R/W 

X 

X 

— 

OOH 

FF04H 

Port 4 

P4 

R/W 

X 

X 

— 

Undefined 

FF05H 

Port 5 

P5 

R/W 

X 

X 

— 

Undefined 

FF06H 

Porte 

P6 

R/W 

X 

X 

— 

Undefined 

FF16H 

Compare register 10 

CR10 

R/W 

— 

X 

— 

Undefined 

FF17H 

Compare register 20 

CR20 

R/W 

— 

X 

— 

Undefined 

FF18H 

8 -bit timer register 1 

TM1 

R 

X 

X 

— 

OOH 

FF19H 

8 -bit timer register 2 

TM2 

R 

X 

X 

— 

OOH 

FF18H-FF19H 

16-bit timer register 

TMS 

R 

— 

- 

X 

OOOOH 

FF1AH 

Serial I/O shift register 0 

SlOO 

R/W 

— 

X 

— 

Undefined 

FF20H 

Port mode register 0 

PMO 

R/W 

X 

X 

— 

1FH 

FF21H 

Port mode register 1 

PM1 

R/W 

X 

X 

— 

FFH 

FF22H 

Port mode register 2 

PM2 

R/W 

X 

X 

— 

FFH 

FF23H 

Port mode register 3 

PM3 

R/W 

X 

X 

— 

FFH 

FF25H 

Port mode register 5 

PM5 

R/W 

X 

X 

— 

FFH 

FF26H 

Port mode register 6 

PM6 

R/W 

X 

X 

— 

FFH 

FF40H 

Timer clock select register 0 

TCLO 

R/W 

X 

X 

— 

OOH 

FF41H 

Timer clock select register 1 

TCL1 

R/W 

— 

X 

— 

OOH 

FF42H 

Timer clock select register 2 

TCL2 

R/W 

— 

X 

— 

OOH 

FF43H 

Timer clock select register 3 

TCL3 

R/W 

— 

X 

— 

88 H 

FF47H 

Sampling clock select register 

SCS 

R/W 

— 

X 

— 

OOH 

FF49H 

8 -bit timer mode control register 

TMC1 

R/W 

X 

X 

— 

OOH 

FF4AH 

Watch timer mode control register 

TMC2 

R/W 

X 

X 

— 

OOH 

FF4FH 

8 -bit timer output control register 

TOC1 

R/W 

X 

X 

— 

OOH 

FF60H 

Serial operating mode register 0 

CSIMO 

R/W 

X 

X 

— 

OOH 

FF61H 

Serial bus interface control register 

SBIC 

R/W 

X 

X 

— 

OOH 

FF62H 

Slave address register 

SVA 

R/W 

— 

X 

— 

Undefined 

FF63H 

Interrupt timing specify register 

SINT 

R/W 

X 

X 

— 

OOH 

FFDOH-FFDFH 

External SFR access area(Note 1) 

— 

R/W 

X 

X 

— 

Undefined 

FFEOH 

Interrupt flag register L 

IFOL 

R/W 

X 

X 

— 

OOH 

FFE1H 

Interrupt flag register H 

IFOH 

R/W 

X 

X 

— 

OOH 

FFE0H-FFE1H 

Interrupt flag register 

IFO 

R/W 

— 

— 

X 

OOOOH 

FFE4H 

Interrupt mask flag register L 

MKOL 

R/W 

X 

X 

— 

FFH 

FFE5H 

Interrupt mask flag register H 

MKOH 

R/W 

X 

X 

— 

FFH 

FFE4H-FFE5H 

Interrrupt mask flag register 

MKO 

R/W 

— 

— 

X 

FFFFH 

FFE8H 

Priority order specify flag register L 

PROL 

R/W 

X 

X 

— 

FFH 

FFE9H 

Priority order specify flag register H 

PROH 

R/W 

X 

X 

— 

FFH 


3b 
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Table 2. 

Special Function Registers (cont) 











Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

state After Reset 

FFE8H-FFE9H Priority order specify flag register 

PRO 

R/W 

— 

— 

X 

FFFFH 

FFECH 

External interrupt mode register 

INTMO 

R/W 

— 

X 

— 

OOH 

FFF 6 H 

Key return mode register 

KRM 

R/W 

X 

X 

— 

02H 

FFF7H 

Pullup resistor option register 

PUO 

R/W 

X 

X 

— 

OOH 

FFF 8 H 

Memory expanded mode register 

MM 

R/W 

X 

X 

— 

10H 

FFF9H 

Watchdog timer mode register 

WDTM 

R/W 

X 

X 

— 

OOH 

FFFAH 

Oscillation stabilization time select register 

OSTS 

R/W 

— 

X 

— 

04H 

FFFBH 

Processor clock control register 

PCC 

R/W 

X 

X 

- 

04H 


Note: The external access area cannot be accessed using SFR 
addressing. It can only be accessed using main memory 
addressing. 


Input/Output Ports 

The )l/PD 78002Y family has up to 53 port lines. Table 3 
lists the features of each port and figure 4 shows the 
structure of each port pin. 

Table 3, Digital Port Functions 


Port 

Operational Features 

Configuration 

Direct Drive Capability 

Software Pullup Resistor Connection 
(Note 1) 

Port 0 (Note 2) 

5-bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 1 

8 -bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 2 

8 -blt Input or output 

Bit selectable 


Byte selectable, input bits only 

Ports 

8 -bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 4 

8 -bit input or output 

Byte selectable 


Byte selectable, input bits only 

Port 5 

8 -bit input or output 

Bit selectable 

LED 

Byte selectable, input bits only 

Porte 

8 -bit input or output 
(P 60 - P 63 n-channel) 

Bit selectable 

15 V max (P 60 -P 63 ) 

Byte selectable, input bits only 

P 60 - P 63 - mask option only (Note 3) 

P 64 - P 67 - software 


Notes: 

( 1 ) Software pullup resistors can be internally connected (only on a 
port-by-port basis) to port bits set to input mode. Pullup resis¬ 
tors are not connected to port bits set to output mode. 

( 2 ) POq and PO 4 are input only and do not have a software pullup 
resistor. 

(3) All devices except/iPD78P014Y. 
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Serial Interface 

The /iPD78002Y family has one serial Interface. Serial 
interface 0 is an 8-blt clock synchronous serial inter¬ 
face (figure 5). It can be operated in either a three-wire 
serial I/O mode, NEC serial bus Interface (SBI) mode, 
two-wire serial I/O mode, or |2C bus mode. The serial 
clock can be provided from one of eight internal clocks, 
the output of 8-blt timer register 2, or the external clock 
line SCKO (SOL for |2C bus mode). 


In the three-wire serial I/O mode, the 8-bit shift register 
(SlOO) is loaded with a byte of data and eight clock 
pulses are generated. The falling edge of these eight 
pulses shifts the byte of data out of the SOO line (either 
MSB or LSB first) while the rising edge of these pulses 
shifts the data in from the SIO line providing full-duplex 
operation. The INTCSIO interrupt is generated after 
each 8-bit transfer. 


Figure 5. Serial interface 0 
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The NECSBl mode is a two-wire high-speed proprietary 
serial interface available on most devices in the NEC 
jL/PD75xxx and /iPD78xxx product lines. Devices are 
connected in a master/slave configuration (see figure 
6). There is only one master device at a time; all others 
are slaves. The master sends addresses, commands, 
and data over one of the serial bus lines (SBO or SB1) 
using a fixed hardware protocol synchronized with the 
SCKO line . Each slave device of the /L/PD78002Y family 
can be programmed to respond in hardware to any one 
of 256 addresses set In its slave address register (SVA). 
There are also 256 commands and 256 data types. 
Since all commands are user definable, many software 
protocols, simple or complex, can be defined. It Is even 
possible to develop commands to change a slave into a 
master and the previous master into a slave. 


Figure 6. SBI Mode Master/Slave Configuration 



The two-wire serial I/O mode provides half-dupl ex op- 
eration using either the SBO or SB1 line and the SCKO 
line. Communication format and handshaking can be 
handled in software by controlling the output levels of 
the data and clock lines between transfers. For data 
transmission, the 8-bit shift register (SlOO) Is loaded 
with a byte of data and eight clock pulses are gener¬ 
ated. The falling edge of these eight pulses shifts the 
byte of data out of either the SBO or SB1 line MSB first. 
In addition, this byte of data is also shifted back into 
SlOO on the rising edge of these pulses providing a way 
of verifying that the transmission was correct. 


For data reception, the SlOO register is preloaded with 
the value FFH. As this data value is shifted out on the 
falling edge of the serial clock, it disables the n-channel 
open-drain driver. This allows the receive data to be 
driven on to the serial line and shifted into the SlOO 
register on the rising edge of the serial clock. The 
INTCSIO interrupt is generated after each 8-bit transfer. 

The |2C bus is a two-wire, high-speed serial bus devel¬ 
oped by Philips. The |2C bus configuration has a single 
master and up to 128 slave devices (see figure 7). The 
master sends the start condition, 7-bit slave address, 
one bit Indicating the direction of the upcoming data 
transfer, and the stop condition over one of the serial 
bus lines (SDAO or SDA1) using a fixed hardware 
protocol synchronized with the serial clock line (SCL). 

Each slave device of the pPD78002Y family can be 
programmed to respond in hardware to any one of 128 
addresses set in its slave address register (SVA). De¬ 
pending on the state of the transfer direction bit, either 
the master or the slave device places additional data on 
the |2C bus. The device receiving the data returns an 
acknowledge signal each time it receives 8 bits of data. 
The slave device can also notify the master device 
when it is busy by holding SCL low. 

Figure 7. l^C Bus Master/Slave Configuration 


Master CPU Slave CPU1 
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Timers 

The P/PD78002Y family has two 8-bit timer/event 
counters that can be combined for use as a 16-bit 
timer/event counter, a watch timer, and a watchdog 
timer. All of these can be programmed to count a 
number of prescaled values of the main system clock. 
In addition, the watch timer can also count the sub¬ 
system clock. The two timer/event counters can count 
external events. 

8-Bit Timer/Event Counters 1 and 2. Timer/event 
counters 1 and 2 (figure 8) each consist of an 8-bit 


timer (TM1 or TM2), an 8-bit compare register (CR10 or 
CR20), and a timer output control logic (T01 or T02). 
The timers are controlled by registers TCL1, TMC1, and 
TOC1 via five selectors. Timer/event counters 1 and 2 
can each be used as an 8-bit interval timer, to count 
external events on the timer input pins (Til orTI2), or to 
output a programmable square wave. In addition, tim¬ 
ers 1 and 2 also can be combined as a 16-bit timer/ 
event counter and used as a 16-bit interval timer, to 
count external events on Til, or to output a program¬ 
mable square wave on T02. 


Figure 8. 8~Bit Timer/Event Counters 1 and 2 



^ Rising orfaiiing edge can be seiected. 


83YL-9360B 
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Watch Timer. The watch timer 3 (figure 9) is a 5-bit 
timer that can be used as a time source to keep track of 
time of day, to release the STOP or HALT modes at 
regular intervals, or to initiate any other task that must 
be performed at regular Intervals, When driven by the 
subsystem clock, the watch timer continues to operate 
In the STOP mode. 


The watch timer can function as both watch timer and 
an Interval timer simultaneously. 


When used as a watch timer, Interrupt requests INTWT 
(not a vectored Interrupt) can be generated using the 
main system or subsystem clock every 0.5 or 0.25 
seconds. When used as an interval timer, vectored 
interrupt request INTTM3 is generated at preselected 
time Intervals. With a main system clock of 8.38 MHz or 
a subsystem clock of 32.768 kHz, the following time 
intervals can be selected: 489 fjs, 978 jjs, 1.96 ms, 3.91 
ms, 7.82 ms or 15.6 ms. 

Figure 9. Watch Timer 



83CL-9480B (7/93) 
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Watchdog Timer. The watchdog timer (figure 10) can 
be used as either a watchdog timer or an interval timer. 
When used as a watchdog timer, it protects against 
program run-away. It can be selected to generate a 
nonmaskable interrupt (INTWDT), which vectors to ad¬ 
dress 0004H, or to generate an internal reset signal, 
which vectors to the restart address OOOOH if the timer 
is not cleared by the program before it overflows. Eight 
program-selectable intervals based on the main sys¬ 
tem clock are available. With a main system clock of 
8.38 MHz, the program selectable intervals are 0.489, 
0.978, 1.96, 3.91, 7.82, 15.6, 31.3, and 125 ms. Once the 
watchdog timer is initialized and started, the timer’s 
mode cannot be changed and the timer can only be 
stopped by an external reset. 

When used as an Interval timer, maskable interrupts 
(INTWDT), which vector to address 0004H, are gener¬ 
ated repeatedly at a preset interval. The time intervals 
available are the same as in the watchdog timer mode. 

Figure 10, Watchdog Timer 



83YL-9352B (8^93) 
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Programmable Clock Output 

The/LiPD78002Y family has a programmable clock out¬ 
put (PCL) that can be used for carrier output for remote 
controlled transmissions or as a clock output for pe¬ 
ripheral devices. The main system clock (fx) divided by 
8, 16, 32, 64, 128, or 256 or the subsystem clock (fxi) 
can be output on the PCL pin. Frequencies of 1050, 524, 
262, 131, 65.5 and 32.7 kHz are available with a main 
system clock of 8.38 MHz. See figure 11. 


Buzzer Output 

ThejLiPD78002Y family also has a programmable buzzer 
output (BUZ). The buzzer output frequency can be 
programmed to be equal to the main system clock (fx) 
divided by 1024, 2048, or 4096. With a main system 
clock of 8.38 MHz, the buzzer can be set to 8.2,4.1 or 2.0 
kHz. See figure 12. 


Figure 1 /. Programmable Clock Output 



Figure 12. Buzzer Output 
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Interrupts 

The/iPD78002Y family has 11 maskable hardware inter¬ 
rupt sources (5 external and 6 internal). Of these 11 
Interrupt sources, 9 cause a vectored Interrupt while 
the 2 testable inputs only generate an interrupt re¬ 
quest. All of the 11 maskable interrupts can be used to 
release the HALT mode except INTPO. INTPO cannot be 
used to release the STOP mode and cannot release the 
HALT mode when regiser SOS = 0. In addition, there is 


one nonmaskable interrupt from the watchdog timer, 
one software Interrupt, and a RESET interrupt. The 
watchdog timer overflow Interrupt (interrupt vector 
table address 0004H) can be initialized to be a non¬ 
maskable Interrupt or the highest def ault priority mask¬ 
able interrupt. The software interrupt, generated by the 
BRK instruction, is not maskable. See table 4 and figure 
13. 


Table 4 , Interrupt Sources and Vector Addresses 


Type of 

Default 




Vector 

Interrupt 

Request 

Priority 

Signai Name 

Interupt Source 

Location 

Address 

Configuration 

Restart 

— 

RESET 

RESET Input Pin 

External 

OOOOH 

— 


— 

INTWDT 

Watchdog timer overflow 
(when reset mode selected) 

Internal 



Nonmaskable 

— 

INTWDT 

Watchdog timer overflow 

(when nonmaskable interrupt selected) 

Internal 

0004H 

A 

Maskable 

0 

INTWDT 

Watchdog timer overflow 
(when interval timer selected) 

Internal 

0004H 

B 


1 

INTPO 

External interrupt edge detection 

External 

0006H 

C 


2 

INTP1 

External interrupt edge detection 

External 

0008H 

D 


3 

INTP2 

External interrupt edge detection 

External 

OOOAH 

D 


4 

INTP3 

External Interrupt edge detection 

External 

OOOCH 

D 


5 

INTCSIO 

End of clocked serial Interface 0 transfer 

Internal 

OOOEH 

B 


6 

INTTM3 

Watch timer reference time interval signal 

Internal 

0012H 

B 


7 

INTTM1 

8-bit timer/event counter 1 coincidence signal 

Internal 

0016 H 

B 


8 

INTTM2 

8-bit timer/event counter 2 coincidence signal 

Internal 

0018H 

B 

Software 

— 

— 

BRK instruction 

Internal 

003EH 

E 

Test input 

— 

INTWT 

Watch timer overflow 

Internal 

— 

F 



INTPT4 

Port 4 falling edge detection 

External 

— 

F 


Interrupt Servicing. The ^PD78002Y family provides 
two levels of programmable hardware priority control 
and services all interrupt requests, except the two 
testable interrupts (INTWT and INTPT4). Using vec¬ 
tored Interrupts, the programmer can choose the prior¬ 
ity of servicing each maskable interrupt by using the 
Interrupt control registers. 

Interrupt Control Registers. The /iPD78002Y family 
has three 16-bit Interrupt control registers. The inter¬ 
rupt request flag register (IFO) contains an interrupt 
request flag for each interrupt except INTPT4. The 
interrupt mask register (MKO) is used to enable or 
disable any interrupt except INTPT4. The priority flag 
register (PRO) can be used to specify a high or a low 
priority level for each Interrupt except the two testable 
interrupts. 


Four other 8-bit registers are associated with interrupt 
processing. The key return mode register (KRM) con¬ 
tains the KRIF interrupt request flag associated with 
falling-edge detection on port 4 and the KRMK mask 
flag used to enable or disable clearing of the standby 
mode if a falling edge Is detected on port 4. The 
external interrupt mode register (INTMO) is used to 
select a rising, falling, or both edges as the valid edge 
for each of the external interrupts INTPO to INTP2 
(INTP3 is always falling edge). The sampling clock 
select register (SCS) is used to select a sampling clock 
for the noise eliminator circuit on external Interrupt 
INTPO. 

The IE and the ISP bit of the program status word are 
also used to control Interrupts. If the IE bit is 0, all 
maskable interrupts are disabled. The IE bit can be set 
or cleared using the El and Dl instructions, respec¬ 
tively, or by directly writing to the PSW The IE bit is 
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cleared each time an interrupt is accepted. The ISP bit 
Is used by hardware to hold the priority level flag of the 
interrupt being serviced. 


Figure 13. Interrupt Configurations 


Type A: Internal nonmaskable Interrupt 


Intermpt 

Request 


Priority 

Control Circuit 


Vector Table 
Address Generator 


Standby 

Release 

Signal 


Type B: Internal maskable Interrupt 



signal 


Type C: External maskable Interrupt (INTPO) 



Signal 


83YL-9366B (1) 


3b 
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Figure 13. Interrupt Configurations (cont) 


Type D: External maskable Interrupt (except INTPO) 



Signal 


TypeE: Software Interrupt 


TypeF: Test Input 


Interrupt 

Request 



Abbreviations: 

IF: Interrupt request flag 
IE: Interrupt enable flag 
ISP: In-service priority flag 
MK: Interrupt mask flag 
PR: Priority specify flag 

83YL-9355B{2) 
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Interrupt Priority. If the watchdog timer overflow inter¬ 
rupt (INTWDT) has been initialized to be a nonmask¬ 
able interrupt, it has priority over all other interrupts. 
Two hardware-controlled priority levels are available 
for all maskable interrupts that generate a vectored 
interrupt (i.e., all except the two testable Interrupts). 
Either a high or a low priority level can be assigned by 
software to each of the maskable Interrupts. Interrupt 
requests of the same priority or a priority higher than 
the processor’s current priority level are held pending 
until interrupts In the current service routine are en¬ 
abled by software or until one instruction has been 
executed after returning from the current service rou¬ 
tine. Interrupt requests of a lower priority are always 
held pending until one Instruction has been executed 
after returning from the current service routine. 

The default priorities listed in table 4 are fixed by 
hardware and are effective only when it Is necessary to 
choose between two Interrupt requests of the same 
software-assigned priority. For example, the default 
priorities would be used after the completion of a 
high-priority routine, If two interrupts of the same 
software priority were pending. 

The software interrupt. Initiated by the BRK instruc¬ 
tion, is executed regardless of the processor’s priority 
level and the state of the IE bit. It does not alter the 
processor’s priority level. 

Vectored Interrupt Servicing. When a vectored inter¬ 
rupt is acknowledged, the program status word and 
the program counter are saved on the stack, the pro¬ 
cessor’s priority Is set to that specified for the interrupt, 
the IE bit In the PSW is set to zero, and the routine 
whose address is In the Interrupt vector table is en¬ 
tered. At the completion of the service routine, the RETI 
Instruction (RETB Instruction for the software inter¬ 
rupt) reverses the process and the /iPD78002Y family 
microcontroller resumes the interrupted routine. 

Standby Modes 

HALT STOP, and data retention modes are provided to 
reduce power consumption when CPU action is not 
required. 

The HALT mode is entered by executing a HALT in¬ 
struction while the CPU is operating from the main 
system or subsystem clock. In HALT mode, the CPU 
clock is stopped while the main system and the sub¬ 
system clock continue to run. The HALT mode Is re¬ 
leased by any unmasked Interrupt request (except 
INTPO if register SCS = 0), a nonmaskable interrupt 
request, an unmasked test input, or an external reset 
pulse. 


Power consumption may be further reduced by using 
the STOP mode. The STOP mode Is entered by execut¬ 
ing a STOP Instruction while operating from the main 
system clock. In STOP mode, the main system clock 
input pin X1 Is internally grounded stopping both the 
CPU and the peripheral hardware clock. The STOP 
mode Is released by any unmasked interrupt request 
except INTPO, a nonmaskable interrupt request, an 
unmasked test input, or an external reset pulse. Any 
peripheral using the main oscillator as a clock source 
will also be disabled in the STOP mode and interrupts 
from such a peripheral cannot be used to exit the STOP 
mode. Table 5 summarizes both the HALT and STOP 
standby modes. 


Table 5. Standby Mode Operation Status 


Item 

HALT Mode 

STOP Mode 

Setting 

instruction 

HALT instruction 

STOP instruction 

System 
clock when 
setting 

Main system or 
subsystem clock 

Main system clock 

Clock 

oscillator 

Main system and 
subsystem clocks can 
oscillate: CPU clock is 
stopped. 

Subsystem clock can 
oscillate: CPU clock 
and main system 
clock are stopped. 

CPU 

Operation stopped 

Operation stopped 

Ports 

Maintain previous 
state 

Maintain previous 
state 

8-bit timer/ 
event 

counters 

Operational from main 
system clock 

Operational only with 
TI1 and TI2 as count 
clock 

Watch timer 

Operational from main 
system clock or with 
fxT as count clock 

Operational only with 
fxT as count clock 

Watchdog 

timer 

Operational from main 
system clock 

Operation stopped 

Serial 
interface 0 

Operational from main 
system clock 

Operational only with 
external clock 

External 

interrupts 

Operational except for 
INTPO when its 
sampling clock is 
based on the CPU 
clock 

INTPO not operational: 
INTP1 to INTP3 
operational 


When exiting the STOP mode, await time occurs before 
the CPU begins execution to allow the main system 
clock oscillator circuit to stabilize. The oscillator stabi¬ 
lization time is selected by programming the OSTS 
register with one of five values before entering the 
STOP mode. The values range from 0.98 msec to 31.3 
msec at fx = 8.38 MHZ. 
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Once In the STOP mode, power consumption can be 
further minimized by lowering the power supply volt¬ 
age Vdd to os little as 2 V. This places the device In the 
data retention mode. The contents of Internal RAM and 
the registers are retained. This mode is released by first 
raising Vqd to the proper operating range and then 
releasing the STOP mode. 

External Reset 

The /L/PD78002Y family Is reset by taking the RESET pin 
low or by an over flow of the watchdog timer (if en¬ 
abled). The RESET input pin is a schmitt-trigger Input 
with hysteresis characteristics to protect against spu- 
rious sy stem resets caused by noise. On power-up, the 
RESET pin must remain low for a minimum of 10/iS after 
the power supply reaches its operating voltage. 

There Is no functional difference between an external 
reset and an internal reset caused by the overflow of 
the watchdog timer. In both cases, the main system 
clock oscillation is stopped and the subsystem clock 
oscillation continues. During reset, the program 
counter is loaded with the address contained in the 
reset vector (addresses OOOOH, 0001H). Once the reset 
Is cleared and the oscillation stabilization time of 2i8/fx 
has elapsed, program execution starts at that address. 
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ELECTRICAL SPECIFICATIONS 

The following specifications are for the /;PD78001BY/ 
002BY devices only. Refer to the yL/PD78014Y data sheet 
for /iPD78P014Y device specifications. 

Absolute Maximum Ratings 

Ta= +25°C 


Supply voltage, Vdd 

-0.3 to +7.0 V 

Input voltage, V|i (except PSq to P 63 ) 

-0.3 to Vdd+ 0.3 V 

Input voltage, V |2 (PBq to P 63 : open 
drain) 

-0.3 to +16 V 

Output voltage, Vq 

-0.3 to Vdd+ 0.3 V 

Output current, high; Iqh 

Each output pin 

Total: ports 1 to 3 

Total: port 0 and ports 4 to 6 

-10 mA 
-15 mA 
-15 mA 

Output current, low, Iql t 

Each output pin 

Total: P4o to P 47 and 

P5o to PSg 

Total: PO 1 to PO 3 , P5e, P 57 , and P 60 
to P 67 

Total: PO 1 to PO 3 and P 64 to P 67 

Total: ports 1 to 3 

30 mA peak, 15 mA rms 
100 mA peak, 70 mA rms 

100 mA peak, 70 mA rms 

50 mA peak, 20 mA rms 
50 mA peak, 20 mA rms 

Operating temperature, Tqpt 

-40 to +85°C 

storage temperature, Tsjq 

-65 to +150°C 


t rms value = peak value x (duty cycle) 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability: exceeding the ratings could cause perma¬ 
nent damage. The device should be operated within the limits 
specified under DC and AC characteristics. 


Capacitance 

1a == +25°C: Vdd = Vss = o v 


Parameter 

Symbol 

Max 

Unit 

Conditions 


Input 

capacitance 

CiN 

15 

PF 

Except P 60 
to P 63 

f = 1 MHz; 
unmeasured 



20 

PF 

P 6 q to P 63 

pins returned 
_ to ground 

Output 

capacitance 

Cout 

15 

pF 

Except P 60 
to P 63 




20 

pF 

P 60 to P 63 


Input/output 

capacitance 

^10 

15 

pF 

Except P 60 
to P 63 




20 

pF 

P 60 to P 63 
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Main System Clock Oscillator 


Ta = -40 to -l-85°C: Vdd = 2.7 to 6.0 V; refer to figure 14. 


Type 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Ceramic resonator 

Oscillation frequency (Note 1 ) 

fx 

1.0 


10.0 

MHz 

Vdd = oscillator voltage range 

(Figure 14 A) 

Oscillation stabilization time 
(Note 2 ) 




4.0 

ms 

After Vdd reaches oscillator 
operating voltage 

Crystal resonator 

Oscillation frequency (Note 1 ) 

fx 

1.0 

8.38 

10.0 

MHz 


(Figure 14A) 

Oscillation stabilization time 
(Note 2) 




10 

ms 

Vdd = 4.5 to 6.0 V 






30 

ms 


External clock 

XI input frequency (Note 1 ) 

k 

1.0 


10.0 

MHz 


(Figure 14B) 

XI input high/low-level width 

^XH. tXL 

50 


500 

ns 



Notes: 


( 1 ) Oscillator and XI input frequencies are included only to show the (2) Time required for the oscillator to stabilize after reset or STOP 
oscillator characteristics. Refer to the AC Characteristics table mode is released. The values shown are for the recommended 

for actual instruction execution times. resonators. Values for resonators not shown in this data sheet 

should be obtained from the manufacturer’s specification sheets. 
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Subsystem Clock Oscillator 

Ta = -40 to +85°C: Vdd = 2.7 to 6.0 V; refer to figure 15. 


Type 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Crystal resonator 

Oscillation frequency (Note 1) 

^XT 

32 

32.768 

35 

kHz 


(Figure 15A) 

Oscillation stabilization time (Note 2) 



1.2 

2 

s 

Vdd = 4.5 to 6.0 V 






10 

s 


External clock 

XT1 input frequency (Note 1) 

^XT 

32 


100 

kHz 


(Figure 15B) 

XT1 input high/low-level width 

^XTH. tXTL 

5 


15 

fJS 



Notes: 

(1) The oscillator and XT1 input frequencies are included only to (2) Time required for the oscillator to stabilize after reset or STOP 
show the oscillator characteristics. Refer to the AC Characteris- mode is released. The values shown are for the recommended 

tics table for actual Instruction execution times. resonators. Values for resonators not shown in this data sheet 

should be obtained from the manufacturer’s specification sheets. 


Figure 14. Main System dock Configurations Figure 15. Subsystem Clock Configurations 
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Recommended Main System Clock Ceramic Resonators 

T/\ = -40 to +85°C; refer to figure 14A. 


Part Number 

Recommended Circuit Constant 

Oscillator Voltage Range 

Frequency 

(Notes 1 and 2) 

Cl (pF) 

C2 (pF) 

R1 (kO) 

Min (V) 

Max (V) 

(MHz) * 

CSB1000J 

100 

100 

6.8 

2.7 

6.0 

1.00 

CSBxxxxJ 

100 

100 

4.7 

2.7 

6.0 

1.01 to 1.25 

CSAX.XXXMK 

100 

100 

0 

2.7 

6.0 

1.26 to 1.79 

CSAx.xxMG 

100 

100 

0 

2.7 

6.0 

1.80 to 2.44 

CSTx.xxMG 

(Note 3) 

(Note 3) 

0 

2.7 

6.0 

1.80 to 2.44 

CSAx.xxMG 

30 

30 

0 

2.7 

6.0 

2.45 to 4.18 

CSTx.xxMGW 

(Note 3) 

(Note 3) 

0 

2.7 

6.0 

2.45 to 4.18 

CSAx.xxMG 

30 

30 

0 

2.7 

6.0 

4.19 to 6.00 

CSTx.xxMGW 

(Note 3) 

(Note 3) 

0 

2.7 

6.0 

4.19 to 6.00 

CSAx.xxMT 

30 

30 

0 

2.7 

6.0 

6.01 to 10.0 

CSTx.xxMTW 

(Note 3) 

(Note 3) 

0 

2.7 

6.0 

6.01 to 10.0 


Notes: 

(1) Manufactured by Murata Mfg. Co., Ltd. 

(2) x.xx indicates frequency 


(3) C1 and C2 are contained in the ceramic resonators. 


3b 


Recommended Subsystem Clock Crystal Resonators 


Ta = -40 to +60°C: refer to figure 15A. 



Frequency 

(kHz) 

Recommended Circuit Constant 

Oscillator Voltage Range 

Part Number t 

C3 (pF) C4 (pF) R2 (kfl) 

Min (V) 

Max (V) 

DT-38 (1TA252 EOO, load capacitance 6.3 pF) 

32.768 

12 12 100 

2.7 

6.0 


t Manufactured by Daishinku 
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DC Characteristics 

1/^ = —40 to +85°C; Vpp = 

+ 2.7 to 6.0 V: 

refer to figures 16-21 




Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

High-level input voltage 

V|H1 

0.7 Vpp 


Vdd 

V 

Other than below 


V|H2 

0.8 Vpp 


Vpp 

V 

POo to PO 4 , P2o, P 22 , P 24 to P 27 , 

P 33 , P 34 , RESET 


V|H 3 

0.7Vpp 


15 

V 

P60 to P63: open-drain 


V|H 4 

Vpp-0.5 


Vdd 

V 

XI, X2 


V|H 5 

Vpp-0.5 


Vdd 

V 

Vpp = 4.5to6.0V;XT1, XT2 

Low-level Input voltage 

V|L1 

0 


0.3 Vpp 

V 

Other than below 


VlL2 

0 


0.2 Vpp 

V 

POo to PO 4 , P2o, P 22 , P 24 to P 27 , 

P33, P34, reset 


V|L 3 

0 


0.3 Vpp 

V 

P60 to P 63 ; Vpp = 4.5 to 6.0 V 



0 


0-2 Vpp 

V 

P60 fo P 63 ^ 


V|L 4 

0 


0.4 

V 

XI, X2 


V|L 5 

0 


0.4 

V 

XT1,XT2; Vpp = 4.5 to 6.0 V 



0 


0.3 

V 

XT 1 , XT2 

High-level output voltage 

V0H1 

o 

i 

Q 

D 

> 



V 

Vdd ~ 6.0 V, Iqh ~ -1.0 mA 



VdD“ 0-5 



V 

•oh == -100/iA 

Low-level output voltage 

V0L1 


0.4 

2.0 

V 

P 5 o to P 57 , P60 to P63: 

Vpp = 4.5 to 6.0 V, Iql =7 15 mA 





0.4 

V 

Other than above; Vpp = 4.5 to 6.0 V, 

IpL = 1 .6 mA 


VoL 2 



0.2 Vdd 

V 

SBO, SB 1 , S^; Vpp = 4.5 to 6.0 V, 
open-drain, pullup resistance = 1 kQ 


V0L3 



0.5 

V 

IpL = 400/iA 

High-level input leakage 

Ilihi 



3 


V|N = Vpp: except XI, X2, XT1, XT2 

current 

IlIH2 



20 

/iA 

V|N = Vpp: XI, X 2 , XT 1 ,XT 2 


•lIH3 



80 


ViN = 15 V: P 6 oto P 63 

Low-level input leakage 

Ilili 



-3 

/iA 

V|N = 0 V: except XI, X2, XT1, XT 2 

current 

•lIL2 



-20 

/iA 

V,N = 0V:X1,X2, XT1,XT2 


•lIL3 



-3 

/iA 

V|N = OV; P 6 oto P 63 (Note 1) 

Output leakage current high 

■lohi 



3 

/iA 

Vqut = Vpp 

Output leakage current low 

■lol 



-3 

/iA 

VouT= OV 

Mask option pullup resistor 

R 1 

20 

40 

90 

kQ 

V)N = OV; P 6 oto P 63 

Software pullup resistor 

R 2 

15 

40 

90 

kO 

Vpp = 4.5 to 6.0 V; V|n = 0 V, PO 1 to PO 3 , 
ports 1 to 5, P 64 to P 67 



20 


500 

kQ 

Vpp = 2.7 to 4.5 V: V|N = OV, PO 1 to PO 3 , 
ports 1 to 5, P 64 to P 67 
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DC Characteristics (cont) 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Power supply current 

Iddi 


7.5 

22.5 

mA 

8.38 MHz crystal oscillation operating mode; 

Vdd = 5.0 V ± 10 % (Note 2 ) 




0.8 

2.4 

mA 

8.38 MHz crystal oscillation operating mode; 

Vdd = 3-0 V ±10% (Note 3) 


•dD2 


1.4 

4.2 

mA 

8.38 MHz crystal oscillation HALT mode; 

Vdd = 5.0 V ±10% 




550 

1650 

/iA 

8.38 MHz crystal oscillation HALT mode; 

Vdd = 3-0 V ± 10 % 


>DD3 


60 

120 


32.768 kHz crystal oscillation operating mode; 
Vdd = 5.0 V ±10%, XI stop mode, CPU 
operating from subsystem clock 




35 

70 


32.768 kHz crystal oscillation operating mode; 
Vdd = 3.0 V ± 10 %, XI stop mode, CPU 
operating from subsystem clock 


•dD4 


25 

50 

A/A 

32.768 kHz crystal oscillation HALT mode; 

Vdd = 5.0 V ± 10 %, XI stop mode 




5 

10 

fjA 

32.768 kHz crystal oscillation HALT mode; 

Vdd = 3.0 V ± 10 %, XI stop mode 


'dD5 


1 

20 

A/A 

XT1 = 0 V STOP mode when feedback resistor 
is connected; Vdd = 5.0 V ±10% 




0.5 

10 

//A 

XT1 = 0 V STOP mode when feedback resistor 
is connected; Vdd = 3.0 V ±10% 


'dD 6 


0.1 

20 

/vA 

XT1 = 0 V STOP mode when feedback resistor 
is disconnected; Vdd = 5.0 V ±10% 




0.05 

10 

A/A 

XT 1 = 0 V STOP mode when feedback resistor 
is disconnected; Vdd = 3.0 V ±10% 


Notes: 


(1) P 6 o to P 63 become -200 //A (max.) for only 1 clock cycle during 
input instruction execution (no wait) and -3 fjA (max.) during 
instruction other than input. 

(2) When operated in the high-speed mode with the processor clock 
control register set to OOH. 

(3) When operated in low-speed mode with the processor clock 
control register set to 04H. 
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JIIPD78002Y Family 


AC Characteristics 


1/^ = -40 to -f-85°C; Vqq = 

2.7 to 6 V ; refer to figures 22 through 27 





Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Cycle time 
(Min. instruction 

tCY 

0.4 


64 

/is 

V[)D = 4.5 to 6.0 V; operating on 
main system clock 

execution time) 


0.96 


64 

jUS 

Operating on main system clock 



114 

122 

125 

fJS 

Operating on subsystem clock 

Tl input 

fTI 

0 


4 

MHz 

Vdd = 4.5 to 6.0 V 

frequency 


0 


275 

kHz 


Tl input high/ 

^TIH. tjlL 

100 



ns 

Vdd = 4.5 to 6.0 V 

low-level width 


1.8 



/iS 


Interrupt input 

^INTR. tlNTL 

®/^sam (Note 1) 



jUS 

INTPO 

high/low-level 

width 


10 



/is 

INTP1 to INTP3 


10 



/is 

KRO to KR7 (Note 2) 

RESET low-level width 

tRST 

10 



/is 


Notes: 


(1) By using bits 0 and 1 of the sampling clock select (SCS) register 
in conjunction with bits 0 to 2 of the processor clock control 
(PCC) register, fsam be set to fx/2N+ 1 (where N = 0 to 4), 
fx/ 64 , orfx/ 128 . 

(2) Port 4 falling-edge detection input. 
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JLIPD78002Y Family 


Figure 22, Mam System dock Operation 
tcY VoD 


Figure 24. Clock A C Timing Points XI and XT1 





TA=-40°tO+85'’C 




1 2 3 4 5 6 

Supply Voltage Vdd (V) 


Figure 23, AC Timing Measurement Points 
(except XI and XTl) 

V - 0.8 VDD^Measurement 0.8 Vqd ^ ^ 
^c02Vdd'^ Points "*^0.2 Vdd7\_ 



Figure 25. Ti Timing 



Figure 26. Interrupt Input Timing 



Figure 27. RESET Input Timing 
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Read/Write Operation 

Ta = -40 to +85°C, Vdd = 2.7 to 6.0 V; refer to figures 28 through 31 


Parameter 

Symbol 

Min 

Max 

Unit 

Conditions 

ASTB high-level width 

USTH 

0.5 tcY 


ns 


Address setup time to ASTB i 

tADS 

0.5 tQY ~ 30 


ns 


Address hold time from ASTB i 

tADH 

10 


ns 

Load resistor 2 : 5 kO 

Data input time from address 

^ADDI 


(2+2n)tcY-50 

ns 

Instruction fetch 


tADD2 

5 

(3+2n)tQY ” 130 

ns 

Data access 

Data input time from ^ 4 

^RDDI 


(1+2n)tcY-25 

ns 

Instruction fetch 


tRDD2 


(2.5+2n)tcY- 100 

ns 

Data access 

Read data hold time 

fRDH 

0 


ns 


RD low-level width 

tRDL1 

(1.5+2n)tcY-20 


ns 

Instruction fetch 


tRDL2 

(2.5+2n)tcY-20 


ns 

Data access 

WAIT 4 input time from RD 4 

tRDWTI 


0.5 tcY 

ns 

Instruction fetch 


tRDWT2 


1 -5 tQY 

ns 

Data access 

WAIT 4 input time from WR 4 

fWRWT 


0.5 tcY 

ns 


WAIT low-level width 

%TL 

(0.5+2n)tcY+ 10 

(2+2n)tcY 

ns 


Write data setup time to WR t 

%DS 

100 


ns 


Write data hold time from WR t 

tWDH 

5 


ns 


WR low-level width 

%RL1 

(2.5+2n)tcY-20 


ns 


RD 4 delay time from ASTB 4 

^ASTRD 

0.5 tQY “ 30 


ns 


WR 4 delay time from ASTB 4 

^ASTWR 

1.5 tcY - 30 


ns 


ASTB t delay time from RD t (external fetch) 

*RDAST 

o 

1 

tcY+ 40 

ns 


Address hold time from RD t (external fetch) 

tRDADH 

Icy 

tcY "F 50 

ns 


Write data output time from RD t 

tRDWD 

10 


ns 


WR 4 delay time from write data 

%DWR 

0.5 tcY-120 

0.5 tQY 

ns 

Vqd = 4.5 to 6.0 V 



0.5 tcY-170 

0.5 tQY 

ns 


Address hold time from WR t 

%RADH 

Icy 

tQY + 60 

ns 

Vqd = 4.5 to 6.0 V 



Icy 

tcY "F 100 

ns 


RD T delay time from WAIT t 

fWTRD 

0.5 tcY 

2.5 tQY + 80 

ns 


WR t delay time from WAIT T 

tWTWR 

0.5 tcY 

2.5 tQY + 80 

ns 


Notes: 

(1) tcY = tcY/4 

(2) n indicates number of waits. 

(3) Cl = 100 pF 
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fiPD78002Y Family 


Figure 30. Read/Write Operation; Externai Data Access (No Wait) 
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PPD78002Y Family 


Figure 31. Read/Write Operation; Externai Data Access (Wait insertion) 



3b 
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PPD78002Y Family 


Serial Interface, 3-Wire, I/O Mode; Internal SCK Output 


Ta = “40 to +85°C; Vqd = 2.7 to 6.0 V; refer to figure 32 


Parameter 

Symbol 

Min Typ 

Max 

Unit 

Conditions 

SCK cycle time 

^KCYI 

800 


ns 

Vqd = 4.5 to 6.0 V 



3200 


ns 


SCK high- and low-level width 

tKH1. ^KLI 

tKCYl/2 - 50 


ns 

Vqd = 4.5 to 6.0 V 



^KCYi/2 -150 


ns 


SI setup time to SCK t 

tSIK1 

100 


ns 


SI hold time from SCK t 

^KSH 

400 


ns 


SO output delay time from SCK A 

^KS01 


300 

ns 

Vqd = 4.5 to 6.0 V; C = 100 pF (Note 1) 




1000 

ns 

C = 100 pF (Note 1) 

Note 1: C is the load capacitance of the SO output line. 




Serial Interface, 3-Wire, I/O Mode; External SCK Input 

Ta = -40 to -i-SSX; Vdd = 2.7 to 6.0 V; refer to figure 32 




Parameter 

Symbol 

Min Typ 

Max 

Unit 

Conditions 

SCK cycle time 

'KCY2 

800 


ns 

Vqd = 4.5 to 6.0 V 



3200 


ns 


SCK high- and low-level width 

^KH2> ^KL2 400 


ns 

Vqd = 4.5 to 6.0 V 



1600 


ns 


SI setup time to SCK t 

^SIK2 

100 


ns 


SI hold time from SCK t 

tKSI2 

400 


ns 


SO output delay time from SCK i 

tKS02 


300 

ns 

Vqd = 4.5 to 6.0 V; C = 100 pF (Note 1) 




1000 

ns 

C = 100 pF (Note 1) 


Note 1: C is the load capacitance of the SO output line. 


Serial Interface, SBI Mode; Internal SCK Output 

Ta = -40 to +85°C; Vqd = 2.7 to 6.0 V; refer to figure 33 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

SCK cycle time 

^KCY3 

800 



ns 

Vqd = 4.5 to 6.0 V 



3200 



ns 


SCK high- and low-level width 

^KH3. tKL3 

^KCY3/2 - 50 



ns 

Vqd = 4.5 to 6.0 V 



^KCY3/2- 150 



ns 


SBO, SBI setup time to SCK t 

tSIK3 

100 



ns 

Vqd = 4.5 to 6.0 V 



300 



ns 


SBO, SBI hold time from SCK t 

tKSI3 

^KCY3/2 



ns 


SB0,SB1 output delay time from SCK i 

tKS03 

0 


250 

ns 

Vqq = 4.5 to 6.0 V: R = 1 kO, 

C = 100 pF (Note 1) 



0 


1000 

ns 

R = 1 kQ C = 100 pF (Note 1) 

SBO, SBI 1 from S^ t 

^KSB 

tKCY3 



ns 


S^ i from SBO, SBI i 

^SBK 

^KCY3 



ns 


SBO, SBI high-level width 

^SBH 

'KCY3 



ns 


SBO, SBI low-level width 

tSBL 

^KCY3 



ns 



Note 1: R and C are the load resistance and load capacitance of the 
SBO and S61 output lines. 
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Serial Interface, SBI Mode; External SCK Input 

Ta = -40 to +85°C; Vdd = 2,7 to 6.0 V; refer to figure 33 


Parameter 

Symbol 

Min Typ 

Max 

Unit 

Conditions 

SCK cycle time 

'KCY4 

800 


ns 

Vdd = 4*5 to 6.0 V 



3200 


ns 


SCK high- and low-level width 

^KH4. ^KL4 

400 


ns 

Vdd = 4.5 to 6.0 V 



1600 


ns 


SBO, SB1 setup time to SCK t 

tSlK4 

100 


ns 

Vdd = 4.5 to 6.0 V 



300 


ns 


SBO, SB1 hold time from SCK t 

tKSI4 

tKCY4/2 


ns 


SBO, SB1 output delay time from SCK i 

tKS04 

0 

300 

ns 

Vdd = 4.5 to 6.0 V; R = 1 kO, C = 100 pF. 
(Note 1) 



0 

1000 

ns 

R = 1 ka C = 100 pF (Note 1) 

SBO, SB1 i from t 

^KSB 

^KCY4 


ns 


^ 4 from SBO, SB1 i 

%BK 

^KCY4 


ns 


SBO, SBI high-level width 

tSBH 

^KCY4 


ns 


SBO, SBI low-level width 

^SBL 

^KCY4 


ns 


Note 1: R and C are the load resistance and load capacitance of the 

SBO and SB1 output lines. 

Serial Interface, 2-Wire, I/O Mode; Internal SCK Output 

Ta = -40 to -f-85°C: Vdd = 2.7 to 6.0 V; refer to figure 34 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit Conditions 

SCK cycle time 

^KCYS 

1600 



ns Vdd = 4.5 to 6.0 V 



3800 



ns 

SCK high-level width 

^KHS 

kCY5/2-50 



ns 

SCK low-level width 

^KLS 

tKCYS /2 - 50 



ns 

SBO, SB1 setup time to SCK t 

tsiKS 

300 



ns 

SBO, SB1 hold time from SCK T 

^KSIS 

600 



ns 

SBO, SB1 output delay time from SCK i 

^KSOS 

0 


250 

ns Vdd ~ 4.5 to 6.0 V 

R = 1 kQ C = 100 pF (Note 1) 



0 


1000 

ns R = 1 kQ C = 100 pF (Note 1) 


Note 1: R and C are load resistance and load capacitance of the 
SCKO, SBO, and SB1 output lines. 
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Serial Interface, 2-W!re, I/O Mode; External SCK Input 

Ta = -40 to +85°C: Vdd = 2.7 to 6.0 V; refer to figure 34 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

SCK cycle time 

^Kcve 

1600 



ns 

Vdd = 4.5 to 6.0 V 



3800 



ns 


SCK high-level width 

tKH6 

650 



ns 


SCK low-level width 

^KL6 

800 



ns 


SBO, SBI setup time (to SCK t) 

tSIK6 

100 



ns 


SBO, SB1 hold time (from SCK t) 

^KSie 

tKCY6/2 



ns 


SBO, SB1 output delay time from SCK i 

tKSoe 

0 


300 

ns 

Vdd = 4.5 to 6.0 V 

R = 1kQ C = 100 pF (Note 1) 



0 


1000 

ns 

R = Ika C = 100 pF (Note 1) 


Note 1 : R and C are load resistance and load capacitance of the 
SCKO, SBO, and SB1 output lines. 


Figure 32. Serial interface Timing; 

3-Wire Serial I/O Mode 



40 






NEC 


juPD78002Y Family 



41 
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Serial interface, l^c Bus 

Refer to figure 35 

Parameter 

Symbol 

Min 

typ 

Max 

Unit 

Conditions 

SCL input clock frequency 

♦sCL 

0 


100 

kHz 


Bus release time before start of transfer 

teuF 

4.7 



JUS 


Start condition hold time 

tHDSTA 

4.0 



/us 


SCL low-level time 

tiow 

4.7 



JUS 


SCL high-level time 

^HIGH 

4.0 



JUS 


Start condition setup time 

tSUSTA 

4.7 



/us 


Data hold time 

'hddat 

0 



/us 

SCL fall time: data retention 

Data setup time 

'SUDAT 

250 



ns 


SDA, SDAO, SDA1, SCL signal rise time 




1 

JUS 


SDA, SDAO, SDA1, SCL signal fall time 

tp 



300 

ns 


Stop condition setup time 

tsUSTO 

4.7 



JUS 



Figure 35. Serial Interface Timing; FC Bus Mode 
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Data Memory STOP Mode; Low-Voltage Data Retention 


Ta = -40 to +85°C; refer to figure 36 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Data retention supply voltage 

VdDDR 

2.0 


6.0 

V 


Data retention power supply current 

■dddr 


0.1 

10 

fjA 

Vdddr = 2.0 V: subsystem clock stop and 
feedback resistor disconnected 

Release signal set time 

^SREL 

0 



/iS 


Oscillation stabilization wait time 

tWAIT 


2l8/fx 


ms 

Release by RESET 




(Note 1) 


ms 

Release by interrupt 


Note: 2‘'3/fx, 2i5/fx, 216/fx, 2‘'7/fx or 2''8/fx can be chosen by using 
bits 0 to 2 of the oscillation stabilization time select (OSTS) 
register. 


Figure 36. Data Retention Timing 


A. STOP mode is released by RESET input 


^DD 


RESET 




Execution of 
STOP instruction 


Internal reset 
operation 

I HALT mode 


- STOP mode - 


V 


Data retention mode - 


'^DDDR 



Operation 

mode 


B. STOP mode is released by interrupt signal 


Execution of 
STOP Instruction 


Standby release signal 
(Interrupt request) 


HALT mode 



^ 1 

_Operation 

5) 1 ur mooe 



mode 

\ '^DDDR y 

^tSREL^ 



_ ^ 

jWAI1^ 



83RD-64&6B 


3b 
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JIIPD78014 Family 

|\|EC (fiPD78011B/012B/013/014/P014) 

NEC Electronics Inc. K-Series Microcontrollers 

General Purpose With A/D Converter 

September 1993 


Description 

The/iPD78011B, /iPD78012B, /iPD78013. pPD78014, and 
/iPD78P014 are members of the K-Series® of microcon¬ 
trollers. These 8-bit, single-chip microcontrollers have 
an A/D converter, two serial interface ports, 8-bit hard¬ 
ware multiply and divide instructions, bit manipulation 
instructions, four banks of main registers, an advanced 
interrupt handling facility, and a powerful set of 
memory-mapped on-chip peripherals. 

On-board data memory includes 512 or 1024 bytes of 
internal high-speed RAM plus 32 bytes of serial buffer 
RAM. Program memory options include 8K, 16K, 24K, or 
32K bytes of mask ROM, or 32K bytes of UV EPROM or 
one-time programmable (OTP) ROM. 

The /VPD78014 family operates over a wide voltage 
range: 2.7 to 6.0 volts. Timing is generated by two 
built-in oscillators. A main oscillator normally drives 
the CPU and most peripherals and at 10 MHz provides 
a minimum instruction time of 0.4 ^sec. A subsystem 
oscillator at 32.768 kHz provides time keeping, and 
optionally a slow clock for the CPU. Since CMOS power 
dissipation Is directly proportional to clock rate, the 
/iPD78014 family provides a software variable CPU 
clock. The HALT and STOP modes are two additional 
power saving features that turn off parts of the micro¬ 
controller to reduce power consumption. A data reten¬ 
tion mode permits RAM contents to be saved down to 2 
volts. 

The range of peripherals, including an A/D converter, 
timers, and two serial ports makes these devices ideal 
for applications in portable battery-powered equip¬ 
ment, office automation, comunications, consumer 
electronics, home appliances, and fitness equipment. 

Features 

□ Eight-channel 8-bit A/D converter 

— Operates from 2.7 to 6.0 V 

□ Two-channel serial communication interface 

— 8-bit clock-synchronous interface 0 
Full-duplex, three-wire mode 

NEC serial bus interface (SBI) mode 
Half-duplex, two-wire mode 

— 8-bit clock-synchronous Interface 1 
Full-duplex, three-wire mode with automatic 

transmit/receive 
Half-duplex, two-wire mode 

K-Series is a registered trademark of NEC Electronics, Inc, 


□ Timers 

— Watchdog timer 

— 16-bit timer/event counter 

— Two 8-blt timer/event counters usable as one 
16-blt timer event/counter 

— Clock (watch) timer (time of day tick from either 
oscillator) 


□ 53 I/C lines 

— Two CMCS input-only lines 
— 47 CMCS I/C lines 

— Four n-channel, open-drain I/C lines at 15 V 
maximum 

□ I/C port pul I up resistors 

— Software controllable on 47 lines 
— Mask option on four lines on RCM version 

□ Program memory 

—/7PD78011B: 8K bytes RCM 
—pPD78012B; 16K bytes RCM 
—A/PD78013: 24K bytes RCM 
—/iPD78014: 32K bytes RCM 
—^PD78P014: 32K bytes EPRCM/CTP 


3c 


□ Internal high-speed data memory RAM 

— pPD7801 IB/012B: 512 bytes 

—/iPD78013/014/P014: 1024 bytes 

□ Specialized memory 

— Serial buffer RAM: 32 bytes 

□ External memory expansion 

— 64K bytes total memory space 


□ Powerful Instruction set 

— 8-bit unsigned multiply and divide 

— 16-bit arithmetic and data transfer instructions 

— 1-bit and 8-bit logic instructions 

□ Minimum instruction times: 

— 0.4/0.8/1.6/3.2/6.4 fjs program selectable using 10 
MHz main system clock 

—122 (js selectable using 32.768-kHz subsystem 
clock 


□ Memory-mapped on-chip peripherals (special 
function registers) 

□ Programmable priority, vectored-interrupt 
controller (two levels) 

° Buzzer and clock outputs 
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Features (cont) 

□ Power saving and battery operation features 
—Variable CPU clock rate 
— HALT mode 
— STOP mode 
— 2-V data retention mode 
— CMOS operation; Vdd from 2.7 to 6.0 V 


Ordering Information 


Part Number 

ROM 

Package 

Package Drawing 

/iPD78011 BCW-xxx 

8K mask ROM 

64-pin plastic shrink DIP 

P64C-70-750A, C 

/iPD78012BCW-xxx 

16K mask ROM 



/iPD78013CW-xxx 

24K mask ROM 



/7PD78014CW-XXX 

32K mask ROM 



/iPD78P014CW 

32K OTP ROM 



A/PD78011BGC-XXX-AB8 

8K mask ROM 

64-pin plastic QFP 

P64GC-80-AB8-2 

/iPD78012BGC-xxx-AB8 

16K mask ROM 



/iPD78013GC-XXX-AB8 

24K mask ROM 



/iPD78014GC-xxx-AB8 

32K mask ROM 



/iPD78P014GC-AB8 

32K OTP ROM 



/JPD78P014DW 

32K UV EPROM 

64-pin ceramic shrink DIP w/window 

P64DW-70-750A 


XXX indicates ROM code suffix 
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JUPD78014 Family 


Pin Configurations 


64-Pin Plastic or Ceramic Shrink DIP 


P2(/SI1 C 


^ 64 

3 AVref 

P2i/S01 C 

2 

63 

□ AVqd 

P22/SCKi C 

3 

62 

□ PI7/ANI7 

P23/STB C 

4 

61 

□ P1e/ANI6 

P24/BUSY C 

5 

60 

□ PI5/ANI5 

P25/SI(ySB0 C 

6 

59 

□ PI4/ANI4 

P2e/so(ysBi c 

7 

58 

□ PI3/ANI3 

P27/SCKO c 

8 

57 

□ PI2/ANI2 

PSoTTOO C 

9 

56 

□ PI1/ANII 

P31/T01 [I 

10 

55 

□ PIq/ANIO 

P32/T02 C 

11 

54 

□ AVss 

P33/TII C 

12 

53 

□ PO4/XTI 

P34/TI2 C 

13 

52 

□ XT2 

P35/PCL tl 

14 

51 

□ lC(Vpp) 

pse/Buz c 

15 

50 

□ XI 

P37 C 

16 

49 

□ X2 

VssC 

17 

48 

□ Vdd 

P4o/ADo C 

18 

47 

□ P03^NTP3 

P4i/ADi C 

19 

46 

□ P02^INTP2 

P42/AD2 C 

20 

45 

□ PO1/INTPI 

P43/AD3 C 

21 

44 

□ P0(/INTP0n'l0 

P44/AD4 C 

22 

43 

□ RESET 

P45/AD5 C 

23 

42 

□ P67/ASTB 

P46^AD6 C 

24 

41 

□ PBepNm 

P47/AD7 c 

25 

40 

□ P65/WR 

PSq/As C 

26 

39 

□ P64/RD 

PSi/Ag C 

27 

38 

□ P63 

P52^Aio C 

28 

37 

□ P62 

P53^Aii C 

29 

36 

□ P61 

P54/Ai2 C 

30 

35 

□ P60 

P55^Ai3 C 

31 

34 

□ P57/A15 

vss 

32 

33 

□ P56/Ai4 

Note: 




Connect IC Onternally connected) pin (V pp on nPD78P014) to Vss- 
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Pin Configurations (cont) 


64-Pln Plastic QFP 


lU ^ 

£:S»SSSi 

8||dp|&glii|il 


P3onroo i: 

1 , 

P 31 /T 01 c: 

2 

P32n-02 c 

3 

P33mi c 

4 

P34/T]2 c: 

5 

P 35 /PCL c 

6 

P36/BUZC 

7 

PSyC 

8 

Vss C 

9 

P4(yADo C 

10 

P4i/ADi C 

11 

P424AD2 C 

12 

P43^AD3 C 

13 

P 44 /AD 4 C 

14 

P45^AD5 C 

15 

P46/AD6 C 

16 


64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 

O ^ 

47 

46 

45 

44 

43 

42 

41 

40 


17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

"u LI u un u u u ’ u u u □ u u 


Pll/ANII 

PIq/ANIO 

AVSS 

PO 4 /XTI 

XT2 

IC(Vpp) 

XI 

X2 

vdd 

P03^INTP3 

P02^INTP2 

PO 1 /INTPI 

P0(yiNTP0rri0 

RESET 

P 67 /ASTB 

P6e/vmr 


Notes: 

Connect 1C (Internally connected) pin (Vpp on nPD78P014) to Vss- 
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Pin Functions; Normai Operating Mode 

Symbol 

First Function 

Symboi 

Alternate Function 

POo 

Port 0; 5-bit, bit selectable I/O port 

INTPO 

External maskable interrupt 


(Bits 0 and 4 are input only) 

TIO 

External count clock input to timer 0 

P01 


INTP1 

External maskable interrupt 

P 02 


INTP2 


P 03 


INTP3 


P 04 


XT1 

Crystal oscillator or external clock input for 
subsystem clock 

P 10 - P 17 

Port 1: 8 -bit, bit-selectable I/O port 

ANI0-ANI7 

Analog input to A/D converter 

P2o 

Port 2; 8 -bit, bit-selectable I/O port 

SI1 

Serial data input three-wire serial I/O mode 

P2i 


SOI 

Serial data output three-wire serial I/O mode 

P22 


SORT 

Serial clock I/O for serial interface 1 

P23 


STB 

Serial interface automatic transmit/receive 
strobe output 

P24 


BUSY 

Serial interface automatic transmit/receive busy 
input 

P25 


SIO 

Serial data input three-wire serial I/O mode 



SBO 

2/3-wire serial I/O mode 

P26 


SOO 

Serial data output three-wire serial I/O mode 



SB1 

2/3-wire serial I/O mode 

P27 


sera 

Serial clock I/O for serial interface 0 

P3o 

Port 3; 8 -bit, bit-selectable I/O port 

TOO 

Timer output from timer 0 

P3i 


T01 

Timer output from timer 1 

P32 


T02 

Timer output from timer 2 

P33 


TI1 

External count clock input to timer 1 

P34 


TI2 

External count clock input to timer 2 

P35 


PCL 

Programmable clock output 

P36 


BUZ 

Programmable buzzer output 

P37 


— 


P4o-P47 

Port 4; 8 -bit I/O port 

> 

> 

Low-order 8 -bit multiplexed address/data bus 
for external memory 

P5o*P57 

Port 5; 8 -bit, bit selectable I/O port 

As - Ai5 

High-order 8 -bit address bus for external 
memory 

P 60 -P 63 

Port 6 ; 8 -bit, bit selectable (PSq to P 63 n- 

_ 


P 64 

channel open-drain I/O with mask option pullup 
resistors: P 64 -P 67 I/O). See note. 


External memory read strobe 

P 65 

WR 

External memory write strobe 

P66 


mn 

External memory wait signal Input 

P 67 


ASTB 

Address strobe used to latch address for 
external memory 
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Pin Functions; Normai Operating Mode (cont) 



Symbol First Function 

Symbol 

Alternate Function 


RESET External system reset input 


X1 

Crystal/ceramic reaonator connection or 
external clock input for main system clock 

X2 

Crystal/ceramic resonator connection or 
inverse of external clock for main system clock 

XT2 

Crystal oscillator or left open when using 
external clock for subsystem clock 

AVref 

A/D converter reference voltage 

AVdd 

A/D converter power supply input 

AVss 

A/D converter ground 

VdD 

Power-supply input 

Vpp 

)L/PD78P014 prom programming power-supply 
input 

Vss 

Power-supply ground 

IC 

Internal connection 


Note: See table 2 and figure 4 for details 






jtiPD78014 Family 


Block Diagram 


TOCyP3o- 

Ti(yiNTP(ypoo - 


16-bltTImei/ 
Event Counter 0 


8 -blt Timer/ 
Event Counter 1 


8 -blt Timer/ 
Event Counter 2 


Watchdog Timer f 


SI0/SB0/P25 - 
SOO/SB1/P26 - 
SCK6/P27 - 

SI1/P20 - 
S01/P21 - 
SCKi/P22 - 
STB/P23 - 
BUSY/P24 - 

ANIO/PIq- r 
ANI7/PI7L 

avdd- 
AVss- 
AVref- 


INTPO/POq- r 
INTP3/P03 ^ 


Serial Interface 0 k 


Interrupt 

Controller 


Program Counter 


Internal 

Program Memory 
(ROM/PROM) 
Notel 



_ General Reg. 

Decode Internal 

Data Memory 
Oonlroi Momo 7 ) 

- Notel 


PSW SP 



Buzzer 

Programmable 

Dock 

Clock Generator 

Standby 

Output 

Clock Output 

Divider 

Sub 1 Main 

Control 


BUZ/P36 PCLyP35 


PO 4 /XTI >CT2 XI X2 


Notes: 

(1) The Internal ROM and RAM size dependent on the device. 

(2) Pin name In parentheses for the nPD78P014 only. 


> l l O ' 

>EIlO' 


> | Port 2 '^'^7 

)> [ Port 3 ]0 '’30-P37 
)> | Port 4 ]0 '’'^■'’'*7 
> [ Ports ]0 P50-P57 
> | Porte [ <^ P 60 -P 67 


D /L-K Ag/PSo- 
Extemal ^15^P57 

Access > RD/P 64 
<—> WR/P 65 
< — > w^/P6e 
<r->^ ASTB/P 67 


RESET Vdd Vss ‘C 
(Vpp) 
Note 2 
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fiPD78014 Family 


FUNCTIONAL DESCRIPTION 
Central Processing Unit 

The central processing unit (CPU) of the /iPD78014 
family features 8- and 16-blt arithmetic including an 8x 
8-bit unsigned multiply and 16 x 8-bit unsigned divide 
(producing a 16-bit quotient and an 8-bit remainder). 
The multiply executes in 3.2 ps and the divide in 5 
using the fastest clock cycle with a main system clock 
of 10 MHz. 

A CALLT vector table and a CALLF area decrease the 
number of bytes in the call instructions for commonly 
used subroutines. A 1-byte call Instruction can access 
up to 32 subroutines through their addresses con¬ 
tained In the CALLT vector table (40H to 7FH). A 2-byte 
call instruction can access any routine beginning in a 
specific CALLF area (0800H to OFFFH). 


Internal System Clock Generator 

The internal system clocks of the /iPD78014 family are 
derived from either the main system or the subsystem 
oscillator. See figure 1. The clocks for the clock timer 
and programmable clock output are derived from either 
the subsystem clock (fxi) or the main system clock. The 
clocks for all other peripheral hardware are derived 
from the main system clock. 

The CPU clock ( 0 ) can be supplied from either the main 
system clock (fx) or the subsystem clock (fxj)- Using 
the processor clock control register (PCC), a CPU clock 
frequency equal to fx, fx/2, fx/4, fx/8, fx/16 or the sub¬ 
system clock fxT can be selected. The CPU clock 
selected should be based on the power supply voltage 
available and the desired power consumption. On 
power up, the CPU clock defaults to the lowest speed 
from the main system clock and can be changed while 
the microcontroller is running. 


Figure 1, Internal System Clock Generator 


From 

PCC 



83RD-9342B 
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Since the shortest instruction takes four CPU clocks to 
execute, the fastest minimum instruction execution 
time (tcv) ot OA fjs is achieved when using a main 
system clock at 10 MHz (Vdd equals 4.5 to 6.0 V). 
However, If the clock timer must generate an interrupt 
every 0.5 or 0.25 seconds, tcv is 0.48 fjs at 8.38 MHz. 
The fastest minimum instruction execution time avail¬ 
able across the full voltage range of 2.7 to 6.0 V is 0.96 
/is when using a main system clock of 8.38 MHz. For the 
lowest power consumption, the CPU can be operated 
from the subsystem clock and the minimum instruction 
execution time is 122 /iS at 32.768 kHz. 


Memory Space 

The /iPD78014 family has a 64K-byte address space. 
Some of this address space (OOOOH-FFFFH) can be 
used as both program and data memory as shown in 
figure 2. 



3c 
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Internal Program Memory 

All devices in the /iPD78014 family have Internal pro¬ 
gram memory. The /iPD78011B/012B/013/014 contain 
8K, 16K, 24K, and 32K bytes of Internal ROM, respec¬ 
tively. The/iPD78P014 contains 32K bytes of UV EPROM 
or one time programmable ROM. To allow the 
jL/PD78P014 to emulate the mask ROM devices, the 
amount of internal program memory available in the 
^PD78P014 can be selected using the memory size 
switching register (IMS). 

Internal RAM 

The ^PD78011B/012B have 544 bytes and the 
/iPD78013/014/P014 have 1056 bytes of Internal RAM. 
This Internal RAM consists of two types: high-speed 
Internal RAM and buffer RAM. 

The /iPD78011B/012B contain 512 bytes (FDOOH to 
FEFFH) while the /iPD78013/014/P014 contain 1024 
bytes (FBOOH to FEFFH) of high-speed Internal RAM. 
The high-speed Internal RAM contains the general 
register banks and the stack. The remainder of the 
high-speed Internal RAM and any unused register bank 
locations are available for general storage. 

All devices also contain 32 bytes of buffer RAM (FACOH 
to FADFH). The buffer RAM is accessed at the same 
speed as external memory and is used as the buffer 
area for the automatic transfer mode of serial interface 
1 or for general storage. 

To allow the /iPD78P014 to emulate the mask ROM 
devices, the amount of high-speed Internal RAM avail¬ 
able In the /iPD78P014 can also be selected using the 
IMS. 


additional wait state or the use of the external WAIT 
signal for low-speed external memory or external pe¬ 
ripheral devices. 

When only internal ROM and RAM are used and no 
external memory Is required, ports 4, 5 and 6 are 
available as general purpose I/O ports. 

CPU Control Registers 

Program Counter. The program counter is a 16-bit 
binary counter register that holds the address of the 
next instruction to be executed. During reset, the 
program counter Is loaded with the address stored In 
locations OOOOH and 0001H. 

Stack Pointer. The stack pointer is a 16-bit register 
that holds the address of the last Item pushed onto the 
stack. It is decremented before new data Is pushed 
onto the stack and incremented after data is popped 
off the stack. 

Program Status Word. The program status word 
(PSW) is an 8-bit register that contains flags that are 
set or reset depending on the results of an instruction. 
This register can be written to or read from 8 bits at a 
time. The individual flags can also be manipulated on a 
bit-by-bit basis. The assignment of PSW bits follows. 


7 0 


IE 

Z 

RBS1 

AC 

RBSO 

0 

ISP 

CY 


CY 

ISP 

RBSO, RBS1 
AC 
Z 
IE 


Carry flag 

In-service (interrupt) priority flag 
Register bank selection flags 
Auxiliary carry flag 
Zero flag 

Interrupt request enable flag 


External Memory 

The /iPD78014 family can access 0, 256, 4K, 16K or all 
available bytes of external memory. The /yPD78014 
family has an 8-bit wide external data bus and a 16-bit 
wide external address bus. The low-order 8 bits of the 
address bus are multiplexed to provide the 8-blt data 
bus and are supplied by port 4. The high-order address 
bits of the 16-bit address bus are taken from port 5 as 
required. The ad dress latch, read, and write strobes, 
and the external WAIT signal are supplied by port 6. 

The memory expansion mode register (MM) controls 
the size of external memory. It can be programmed to 
use 0, 4, 6, or 8 bits from port 5 for the high-order 
address. Any remaining port 5 bits can be used for I/O. 
The MM register also can be used to specify one 


General Registers 

The general-purpose registers (figure 3) consist of four 
banks of registers located at addresses FEEOH to 
FEFFH in Internal RAM. Each bank consists of eight 
8-blt general registers that can also be used In pairs to 
function as four 16-bit registers. Two bits in the PSW 
(RBSO and RBS1) specify which of the register banks is 
active at any time and are set under program control. 

Registers have both functional names (like A, X, B, C, D, 
E, H or L for 8-bit registers and AX, BC, DE and HL for 
16-bit registers) and absolute names (like R1, RO, R3, 
R2, R5, R4, R7 or R6 for 8-bit registers and RPO, RP1, 
RP2 or RP3 for 16-bit registers). Either the functional or 
absolute register names can be used in instructions 
that use the operand identifiers r and rp. 
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Figure 3. General Registers 


FEEOH 


FEFFH 


Register 

Bank 

3 


For 8-Bit 
Processing 


For 16-Bit 
Processing 


FEF9H 

(R1)A 

(RO)X 

FEF8H 

(RPO) AX 


{R3)B 

(R2)C 


(RP1) BC 


(R5)D 

(R4)E 


(RP2) DE 

FEFFH 

(R7)H 

(R6)L 

FEFEH 

(RP3) HL 


( ) = Absolute Name 


FEF8H 

FEFAH 

FEFCH 

FEFEH 


Addressing 

The program memory addressing (ROM) modes pro¬ 
vided are relative, immediate, table indirect and regis¬ 
ter addressing. The operand addressing modes pro¬ 
vided are relative, immediate, table indirect and 
register addressing. The operand addressing modes 
provided are implied, register, direct, short direct 
(saddr), special function (SFR), register indirect, 
based, based indexed, and stack addressing. 

The ‘SFR addressing’ and ‘saddr addressing’ modes 
use direct addressing, and require only 1 byte in the 
instruction to address RAM. Normally, a 65K byte ad¬ 
dress space requires 2 bytes to address it. One-byte 
addressing results in faster access times, since the 
instructions are shorter. SFR addressing addresses the 
entire 256-byte SFR address space from FFOOH to 
FFFFH. Saddr addressing (see figure 2) addresses the 
256-byte address space FE20H to FF1FH. FE20H to 
FEFFH are composed of 224 bytes of internal high 
speed RAM; FFOOH to FF1FH contain the first 32 bytes 
in the special function register area. 

One-byte addressing is accomplished by using the first 
byte of the instruction for the opcode (and one oper¬ 
and if register A or AX is used) and the second byte of 


the instruction as an address (offset) into the 256-byte 
area. If register A or AX is used, the instructions are 2 
bytes long, thereby providing fast access times. If 
Immediate data is used, the instruction will be 3 or 4 
bytes long depending upon whether the immediate 
data is a byte or a word. Many 16-bit SFRs are in the 
space FFOOH to FF1FH. Using AX as an operand to 
these SFRs will provide fast access, since the instruc¬ 
tions will be only 2 bytes long. 

Special Function Registers 

The input/output ports, timers, capture and compare 
registers, and mode and control registers for both the 
peripherals and CPU are collectively known as special 
function registers. They are all memory-mapped be¬ 
tween FFOOH and FFFFH and can be accessed either 
by main memory addressing or by SFR addressing. 
FFOOH to FF1H can also be accessed using saddr 
addressing. They are either 8 or 16 bits as required, and 
many of the 8-bit registers are bit addressable. 

Locations FFDOH through FFDFH are known as the 
external SFR area. Registers in external circuitry inter¬ 
faced and mapped to these addresses can only be 
addressed by main memory addressing. Table 1 lists 
the special function registers. 


Table 1. Special Function Registers 






Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

FFOOH 

Port 0 

PO 

R/W 

X 

X 

— 

OOH 

FF01H 

Porti 

PI 

R/W 

X 

X 

— 

OOH 

FF02H 

Port 2 

P2 

R/W 

X 

X 

— 

OOH 

FF03H 

Ports 

PS 

R/W 

X 

X 

— 

OOH 

FF04H 

Port 4 

P4 

R/W 

X 

X 

— 

Undefined 

FF05H 

Port 5 

P5 

R/W 

X 

X 

— 

Undefined 

FF06H 

Porte 

P6 

R/W 

X 

X 

- 

Undefined 


3c 
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Table 1. Special Function Registers (cont) 


Address 

Register (SFR) 

Symbol 

R/W 

Access Units (Bits) 

1 8 16 

State After Reset 

FF10H-FF11H 

Compare register 00 

CROO 

R/W 

— 

— 

X 

Undefined 

FF12H-FF13H 

Compare register 01 

CR01 

R 

_ 

— 

X 

Undefined 

FF14H-FF15H 

16-bit timer register 

TMO 

R 

— 

— 

X 

OOH 

FF16H 

Compare register 10 

CR10 

R/W 

— 

X 

— 

Undefined 

FF17H 

Compare register 20 

CR20 

R/W 

— 

X 

— 

Undefined 

FF18H 

8 -bit timer register 1 

TM1 

R 

X 

X 

— 

OOH 

FF19H 

8 -bit timer register 2 

TM2 

R 

X 

X 

— 

OOH 

FF18H-FF19H 

16-bit timer register 1 

TMS 

R 

— 

— 

X 

OOOOH 

FF1AH 

Serial I/O shift register 0 

SlOO 

R/W 

— 

X 

— 

Undefined 

FF1BH 

Serial I/O shift register 1 

SI01 

R/W 

— 

X 

— 

Undefined 

FF1FH 

A/D conversion result register 

ADCR 

R 

— 

X 

— 

Undefined 

FF20H 

Port mode register 0 

PMO 

R/W 

X 

X 

— 

1FH 

FF21H 

Port mode register 1 

PM1 

R/W 

X 

X 

— 

FFH 

FF22H 

Port mode register 2 

PM2 

R/W 

X 

X 

— 

FFH 

FF23H 

Port mode register 3 

PM3 

R/W 

X 

X 

— 

FFH 

FF25H 

Port mode register 5 

PM5 

R/W 

X 

X 

— 

FFH 

FF26H 

Port mode register 6 

PM6 

R/W 

X 

X 

- 

FFH 

FF40H 

Timer clock select register 0 

TCLO 

R/W 

X 

X 

— 

OOH 

FF41H 

Timer clock select register 1 

TCL1 

R/W 

— 

X 

— 

OOH 

FF42H 

Timer clock select register 2 

TCL2 

R/W 

— 

X 

— 

OOH 

FF43H 

Timer clock select register 3 

TCL3 

R/W 

— 

X 

— 

88 H 

FF47H 

Sampling clock select register 

SCS 

R/W 

— 

X 

— 

OOH 

FF48H 

16-bit timer mode control register 

TMCO 

R/W 

X 

X 

— 

OOH 

FF49H 

8 -bit timer mode control register 

TMC1 

R/W 

X 

X 

— 

OOH 

FF4AH 

Watch (clock) timer mode control register 

TMC2 

R/W 

X 

X 

— 

OOH 

FF4EH 

16-bit timer output control register 

TOCO 

R/W 

X 

X 

— 

OOH 

FF4FH 

8 -bit timer output control register 

TOC1 

R/W 

X 

X 

— 

OOH 

FF60H 

Serial operating mode register 0 

CSIMO 

R/W 

X 

X 

— 

OOH 

FF61H 

Serial bus interface control register 

SBIC 

R/W 

X 

X 

— 

OOH 

FF62H 

Slave address register 

SVA 

R/W 

— 

X 

— 

Undefined 

FF63H 

Interrupt timing specify register 

SINT 

R/W 

X 

X 

— 

OOH 

FF68H 

Serial operation mode register 1 

CSIM1 

R/W 

X 

X 

— 

OOH 

FF69H 

Automatic data transmit/receive control register 

ADTC 

R/W 

X 

X 

— 

OOH 

FF6AH 

Automatic data transmit/receive address pointer 
register 

ADTP 

R/W 

— 

X 

— 

OOH 

FF80H 

A/D converter mode register 

ADM 

R/W 

X 

X 

— 

01 H 

FF84H 

A/D converter input select register 

ADIS 

R/W 

— 

X 

— 

OOH 

FFDOH-FFDFH 

External SFR access area(Note 1) 

— 

R/W 

X 

X 

— 

Undefined 

FFEOH 

Interrupt flag register L 

IFOL 

R/W 

X 

X 

— 

OOH 

FFE1H 

Interrupt flag register H 

IFOH 

R/W 

X 

X 

- 

OOH 
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Table 1. Special Function Registers (cont) _ 

Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

FFE0H-FFE1H 

Interrupt flag register 

IFO 

R/W 

- 

— 

X 

OOOOH 

FFE4H 

Interrupt mask flag register L 

MKOL 

R/W 

X 

X 

— 

FFH 

FFE5H 

Interrupt mask flag register H 

MKOH 

. R/W 

X 

X 

— 

FFH 

FFE4H-FFE5H 

Interrrupt mask flag register 

MKO 

R/W 

— 

— 

X 

FFFFH 

FFE8H 

Priority order specify flag register L 

PROL 

R/W 

X 

X 

— 

FFH 

FFE9H 

Priority order specify flag register H 

PROH 

R/W 

X 

X 

— 

FFH 

FFE8H-FFE9H 

Priority order specify flag register 

PRO 

R/W 

— 

— 

X 

FFFFH 

FFECH 

External interrupt mode register 

INTMO 

R/W 

— 

X 

— 

OOH 

FFFOH 

Memory size switch register (Note 2) 

IMS 

W 

— 

X 

— 

C8H 

FFF6H 

Key return mode register 

KRM 

R/W 

X 

X 

— 

02H 

FFF7H 

Pullup resistor option register 

PUO 

R/W 

X 

X 

— 

OOH 

FFF8H 

Memory expanded mode register 

MM 

R/W 

X 

X 

— 

10H 

FFF9H 

Watchdog timer mode register 

WDTM 

R/W 

X 

X 

— 

OOH 

FFFAH 

Oscillation stabilization time select register 

OSTS 

R/W 

— 

X 

- 

04H 

FFFBH 

Processor clock control register 

PCC 

R/W 

X 

X 

— 

04H 


Notes: 

(1) The external access area cannot be accessed using SFR address¬ 
ing. It can only be accessed using main memory addressing. 

(2) /iPD78P014 only. 
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Input/Output Ports 

The /iPD78014 family has up to 53 port lines. Table 2 
lists the features of each port and figure 4 shows the 
structure of each port pin. 


Table 2. Digital Port Functions 


Port 

Operational Features 

Configuration 

Direct Drive Capability 

Software Pullup Resistor Connection 
(Note 1) 

Port 0 (Note 2) 

5-bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 1 

8 -bit input or output 

Bit selectable 


Byte selectable, Input bits only 

Port 2 

8 -bit input or output 

Bit selectable 


Byte selectable. Input bits only 

Port 3 

8 -bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 4 

8 -bit input or output 

Byte selectable 


Byte selectable. Input bits only 

Port 5 

8 -bit input or output 

Bit selectable 

LED 

Byte selectable, input bits only 

Porte 

8 -bit input or output 
(P 60 - P 63 n-channel) 

Bit selectable 

15 V max (PSq - P 63 ) 

Byte selectable, input bits only 

P 60 - P 63 - mask option only (Note 3) 

P 64 - P 67 - software 


Notes: 

( 1 ) Software pullup resistors can be internally connected (only on a 
port-by-port basis) to port bits set to input mode. Pullup resis¬ 
tors are not connected to port bits set to output mode. 

( 2 ) POq and PO 4 are input only and do not have a software pullup 
resistor. 

(3) All devices except ;l/PD78P01 4 
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Figure 4. Pm Input/Output Circuits 


Type1(P04) 



Type8>A(P0i - PO3, P2o, P22, P24, P33- P34) 


pullup enable 


Type 2 (POq, RESET) 


Schmitt trigger Input with hysteresis characteristics 
Type5-A(P2i, P23, PSq- P32, PSs-PSy, PSQ-PSy, P64-P67) 
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output disable- 
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output disable-^ 

Comparator 



j ^ N-ch 
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output disable 


Input enable 



data-' 


D 
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Figure 4. Pin inpui/Output Circuits (cent) 
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Analog-to-Digital (A/D) Converter 

The /iPD78014 family A/D converter (see figure 5) uses 
the successive-approximation method for converting 
one of eight multiplexed analog inputs into 8-bit digital 
data The conversion time per input is 19.1 fjs at 8.38 
MHz operation. 

The A/D converter input select register (ADIS) selects 
the number of inputs that are used in A/D conversion. 
The remaining inputs are used as ports. The A/D Input 
to be converted is selected by programming the A/D 


Figure 5 . A/D Converter 



converter mode register (ADM). A/D conversion is 
started by external interrupt INTP3, or by writing to 
ADM. When the conversion is completed, the results are 
stored in the A/D conversion result register (ADCR) and 
an INTAD interrupt is generated. 

If the A/D converter was started by an external inter¬ 
rupt, the A/D converter stops after the interrupt is 
generated. If the A/D converter was started by soft¬ 
ware, the A/D converter repeats the conversion until 
new data is written to the ADM register. 
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Serial Interfaces 

The /iPD78014 family has two independent serial inter¬ 
faces: serial interface 0 and serial interface 1. 

Serial Interface 0. Serial interface 0 is an 8-bit clock 
synchronous serial interface (figure 6). It can be oper¬ 
ated in either a three-wire serial I/O mode, NEC serial 
bus interface (SBI) mode, or two-wire serial I/O mode. 
The serial clock can be provided from one of eight 
internal clocks, the ou tput o f 8-bit timer register 2, or 
the external clock line SCKO. 


In the three-wire serial I/O mode, the 8-blt shift register 
(SIOO) is loaded with a byte of data and eight clock 
pulses are generated. The falling edge of these eight 
pulses shifts the byte of data out of the SOO line (either 
MSB or LSB first) while the rising edge of these pulses 
shifts the data In from the SIO line providing full-duplex 
operation. The INTCSIO Interrupt Is generated after 
each 8-bit transfer. 


Figure 6. Serial Interface 0 
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The NEC SBI mode is a two-wire high-speed proprietary 
serial interface available on most devices in the NEC 
)l/PD75xxx and fjPDTBxxx product lines. Devices are 
connected in a master/slave configuration (see figure 
7). There is only one master device at a time; all others 
are slaves. The master sends addresses, commands, 
and data over one of the serial bus lines (SBO or SB1) 
using a fixed hardware protocol synchronized with the 
SCKO line . Each slave device of the /iPD78014 family 
can be programmed to respond in hardware to any one 
of 256 addresses set in its slave address register (SVA). 
There are also 256 commands and 256 data types. 
Since all commands are user definable, many software 
protocols, simple or complex, can be defined. It is even 
possible to develop commands to change a slave into a 
master and the previous master into a slave. 


Figure 7 . SBI Mode Master/Slave Configuration 



The two-wire serial I/O mode provides half-dupl ex op- 
eration using either the SBO or SB1 line and the SCKO 
line. Communication format and handshaking can be 
handled In software by controlling the output levels of 
the data and clock lines between transfers. For data 
transmission, the 8-bit shift register (SlOO) is loaded 
with a byte of data and eight clock pulses are gener¬ 
ated. The falling edge of these eight pulses shifts the 
byte of data out of either the SBO or SB1 li ne (MSB first). 
In addition, this byte of data is also shifted back into 
SlOO on the rising edge of these pulses providing a way 
of verifying that the transmission was correct. 

For data reception, the SlOO register is preloaded with 
the value FFH. As this data value Is shifted out on the 


falling edge of the serial clock, it disables the n-channel 
open-drain driver. This allows the receive data to be 
driven on to the serial line and shifted into the SlOO 
register on the rising edge of the serial clock. The 
INTCSIO interrupt is generated after each 8-bit transfer. 

Serial Interface 1. Serial interface 1 Is also an 8-blt 
clock synchronous serial Interface (figure 8). It can be 
operated in either a three-wire serial I/O mode, or 
three-wire serial I/O mode with automatic transmit/ 
receive. The serial clock can also be provided from one 
of eight internal clocks (common clock for both inter¬ 
faces), the output of 8 -bit timer register 2, or the 
external clock line SCK1. 

In the three-wire serial I/O mode, the 8-bit shift register 
(SI01) Is loaded with a byte of data and eight clock 
pulses are generated. The falling edge of these eight 
pulses shifts the byte of data out of the S01 line (either 
MSB or LSB first) while the rising edge of these pulses 
shifts the data in from the SI1 line providing full-duplex 
operation. The INTCSI1 interrupt is generated after 
each 8-bit transfer. 

In the three-wire serial I/O mode with automatic 
transmit/receive, up to 32 bytes of data can be trans¬ 
ferred with minimal CPU overhead. The data to be 
transmitted and received Is stored in the buffer RAM. 
Handshaking using either the BUSY Input line, the 
strobe (STB) output line, or both, can be selected by 
the program. Error detection of bit drift due to noise is 
available for each byte transferred when using the 
BUSY Input line. This automatic transmit/receive mode 
is ideally suited for transferring data to/from external 
peripheral devices such as onscreen display (OSD) and 
LCD controller/driver devices. 

While In three-wire serial Interface mode with auto¬ 
matic data transfer, the Interface can be operated as 
either a full-duplex interface or a transmit-only inter¬ 
face in single or repetitive operation mode. In the full- 
duplex mode, a byte of data is transferred from the first 
location in the buffer RAM and shifted out of the S01 
line (either MSB or LSB first) while the received data Is 
shifted into the SI1 line and stored back in the first 
buffer location. After the preset number of bytes has 
been transferred, the INTCSI1 interrupt Is generated. 

In single-operation transmit mode, the preset number 
of bytes from the buffer RAM are transmitted out of the 
S01 line (either MSB or LSB first) and the INTCSI1 
interrupt is generated after all bytes are transferred. In 
the repetitive operation transmit mode, data In the 
buffer is transmitted repeatedly. 
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Figure 8. Serial Interface 1 
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Timers 

The /iPD78014 family has one 16-bit timer/event 
counter, two 8-bit timer/event counters that can be 
combined for use as a 16-bit timer/event counter, a 
clock timer, and a watchdog timer. All of these can be 
programmed to count a number of prescaled values of 
the main system clock. In addition, the clock timer can 
also count the subsystem clock. All of the timer/event 
counters can count external events. 

16-Bit Timer/Event Counter 0. Timer/event counter 
0 (figure 9) consists of a 16-bit counter (TMO), a 16-bit 
compare register (CROC), a 16-bit capture register 
(CR01), and a timer output (TOO). Timer 0 can be used 
as an interval timer, to count external events on the 
timer input (TIO) pin, to output a programmable square 
wave, a 14-blt pulse width modulated output, or to 
measure pulse widths. 


3c 


Figure 9- ig-Bit Timer/Event Counter 0 
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8-Bit Timer/Event Counters 1 and 2. Timer/event 
counters 1 and 2 (figure 10) each consist of an 8-bit 
timer (TM1 or TM2), an 8-bit compare register (CR10 or 
CR20), and timer output control logic (T01 orT02). The 
timers are controlled by registers TCL1, TMC1, and 
TOC1 via five selectors. Timer/event counters 1 and 2 
can each be used as an 8-bit interval timer, to count 
external events on the timer input pins (Til orTI2), or to 
output a programmable square wave. In addition, tim¬ 
ers 1 and 2 also can be combined as a 16-bit timer/ 
event counter and used as a 16-blt interval timer, to 
count external events on Til, or to output a program¬ 
mable square wave on T02. 


Figure 10. 8-Bit Timer/Event Counters 1 and 2 



^ Rising or falling edge can be selected. 

83YL-9360B 
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Clock Timer 3. Clock timer 3 (figure 11) is a 5-bit timer 
that can be used as a time source to keep track of time 
of day, to release the STOP or HALT modes at regular 
Intervals, or to initiate any other task that must be 
performed at regular Intervals. When driven by the 
subsystem clock, the clock timer continues to operate 
In the STOP mode. 

The clock timer can function as both an Interval timer 
and a clock timer simultaneously. When used as a clock 
timer, interrupt request INTWT (not a vectored inter¬ 
rupts) can be generated using the main system or 
subsystem clock every 0.5 or 0.25 seconds.When used 
as an interval timer, vectored interrupt request INTTM3 
is generated at preselected time intervals. With a main 
system clock of 8.38 MHz or a subsystem clock of 
32.768 kHz, the following time Intervals can be se¬ 
lected; 489 fjs, 978 ps, 1.96 ms, 3.91 ms, 7.82 ms or 15.6 
ms. 


Watchdog Timer. The watchdog timer (figure 12) can 
be used as either a watchdog timer or an interval timer. 
When used as a watchdog timer, it protects against 
inadvertent program run-away. It can be selected to 
generate a nonmaskable interrupt (INTWDT), which 
vectors to address 0004H, or to generate an internal 
reset signal, which vectors to the restart address OOOOH 
if the timer is not cleared by the program before it 
overflows. Eight program-selectable intervals based 
on the main system clock are available. With a main 
system clock of 8.38 MHz, the program selectable 
intervals are 0.489, 0.978,1.96, 3.91, 7.82,15.6, 31.3, and 
125 ms. Once the watchdog timer is initialized and 
started, the timer’s mode cannot be changed and the 
timer can only be stopped by an external reset. 

When used as an interval timer, maskable interrupts 
(INTWDT), which vector to address 0004H, are gener¬ 
ated repeatedly at a preset interval. The time intervals 
available are the same as in the watchdog timer mode. 
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Figure 11. Clock Timer 3 



83YL-9351B 


Figure 12. Watchdog Timer 



83YL-9352B (8^93) 
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Programmable Clock Output 

The/iPD78014 family has a programmable clock output 
(PCL) that can be used for carrier output for remote 
controlled transmissions or as a clock output for pe¬ 
ripheral devices. The main system clock (fx) divided by 
8, 16, 32, 64, 128, or 256 or the subsystem clock (fxx) 
can be output on the PCL pin. Frequencies of 1050, 524, 
262, 131, 65.5 and 32.7 kHz are available with a main 
system clock of 8.38 MHz. See figure 13. 


Figure 13. Programmable Clock Output 



Buzzer Output 

The )l/PD 78014 family also has a programmable buzzer 
output (BUZ). The buzzer output frequency can be 
programmed to be equal to the main system clock (fx) 
divided by 1024, 2048, or 4096. With a main system 
clock of 8.38 MHz, the buzzer can be set to 8.2,4.1 or 2.0 
kHz. See figure 14. 


Figure 14. Buzzer Output 
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Interrupts 

The /iPD78014 family has 14 maskable hardware inter¬ 
rupt sources (5 external and 9 internal). Of these 14 
interrupt sources, 12 cause a vectored interrupt while 
the 2 testable inputs only generate an interrupt re¬ 
quest. All of the 14 maskable interrupts can be used to 
release the HALT mode except INTPO. INTPO cannot be 
used to release the STOP mode and cannot release the 
HALT mode when register SOS = 0. In addition, there Is 

Table 3. Interrupt Sources and Vector Addresses 


Type of 
Request 

Default 

Priority 

Signal Name 

Interupt Source 

Location 

Vector Interrupt 

Address Configuration 

Restart 

— 

RESET 

RESET input pin 

External 

OOOOH 

— 


— 

INTWDT 

Watchdog timer overflow 
(when reset mode selected) 

Internal 



Nonmaskable 

— 

INTWDT 

Watchdog timer overflow 

(when nonmaskable interrupt selected) 

Internal 

0004H 

A 

Maskable 

0 

INTWDT 

Watchdog timer overflow 
(when interval timer selected) 

Internal 

0004H 

B 


1 

INTPO 

External interrupt edge detection 

External 

0006H 

C 


2 

INTP1 

External interrupt edge detection 

External 

0008H 

D 


3 

INTP2 

External interrupt edge detection 

External 

OOOAH 

D 


4 

INTP3 

External Interrupt edge detection 

External 

OOOCH 

D 


5 

INTCSIO 

End of clocked serial interface 0 transfer 

Internal 

OOOEH 

B 


6 

INTCSI1 

End of clocked serial Interface 1 transfer 

Internal 

0010H 

B 


7 

INTTM3 

Clock timer reference time Interval signal 

Internal 

0012H 

B 


8 

INTTMO 

16-bit timer/event counter coincidence signal 

Internal 

0014H 

B 


9 

INTTM1 

8-bit timer/event counter 1 coincidence signal 

Internal 

0016H 

B 


10 

INTTM2 

8-bit timer/event counter 2 coincidence signal 

Internal 

0018H 

B 


11 

INTAD 

End of A/D Conversion 

Internal 

001 AH 

B 

Software 

— 

— 

BRK instruction 

Internal 

003EH 

E 

Test input 

— 

INTWT 

Clock timer overflow 

Internal 

— 

F 


_ 

INTPT4 

Port 4 falling edge detection 

External 

— 

F 


one nonmaskable Interrupt from the watchdog timer, 
one software interrupt, and a reset interrupt. The 
watchdog timer overflow interrupt (interrupt vector 
table address 0004H) can be initialized to be a non¬ 
maskable interrupt or the highest default priority mask¬ 
able interrupt. The software interrupt, generated by the 
BRK instruction, is not maskable. See table 3 and figure 
15. 


Interrupt Servicing. The /iPD78014 family provides 
two levels of programmable hardware priority control 
and services ail interrupt requests, except the two 
testable interrupts (INTWT and INTPT4) using vectored 
interrupts. The programmer can choose the priority of 
servicing each maskable interrupt by using the inter¬ 
rupt control registers. 

Interrupt Control Registers. The ^PD78014 family 
has three 16-blt interrupt control registers. The inter¬ 
rupt request flag register (IFO) contains an Interrupt 
request flag for each interrupt except INTPT4. The 
interrupt mask register (MKO) is used to enable or 
disable any interrupt except INTPT4. The priority flag 


register (PRO) can be used to specify a high or a low 
priority level for each interrupt except the two testable 
interrupts. 

Four other 8-bit registers are associated with interrupt 
processing. The key return mode register (KRM) con¬ 
tains the KRIF interrupt request flag associated with 
falling-edge detection on port 4 and the KRMK mask 
flag used to enable or disable clearing of the standby 
mode if a falling edge Is detected on port 4. The 
external interrupt mode register (INTMO) is used to 
select a rising, falling, or both edges as the valid edge 
for each of the external interrupts INTPO to INTP2 
(1NTP3 Is always falling edge). The sampling clock 
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select register (SCS) is used to select a sampling clock 
for the noise eliminator circuit on external Interrupt 
INTPO. 

The IE and the ISP bit of the program status word are 
also used to control interrupts. If the IE bit is 0, all 
maskable interrupts are disabled. The IE bit can be set 


or cleared using the El and Dl Instructions, respec¬ 
tively, or by directly writing to the PSW. The IE bit is 
cleared each time an Interrupt is accepted. The ISP bit 
is used by hardware to hold the priority level flag of the 
interrupt being serviced. 


Figure 15. interrupt Configurations 


Type A: Internal nonmaskable Interrupt 


Interrupt 

Request 



Signal 


Type B: Internal maskable Interrupt 



Signal 


Type C: External maskable Interrupt (INTPO) 



Signal 


fi3YL-9356B<1) 
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Figure IS. Interrupt Configurations (cont) 


Type D: External maskable Interrupt (except INTPO) 



signal 


TypeE: Software Interrupt 


TypeF: Test Input 


Interrupt 

Request 



Abbreviations: 

IF: Interrupt request flag 
IE: Interrupt enable flag 
ISP: In-service priority flag 
MK: Interrupt mask flag 
PR: Priority specify flag 

83YL-9356B (2) 
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Interrupt Priority. If the watchdog timer overflow 
interrupt (INTWDT) has been initialized to be a non¬ 
maskable interrupt, it has priority over all other inter¬ 
rupts. Two hardware-controlled priority levels are avail¬ 
able for all maskable Interrupts that generate a 
vectored Interrupt (i.e., all except the two testable 
interrupts). Either a high or a low priority level can be 
assigned by software to each of the maskable inter¬ 
rupts. Interrupt requests of the same priority or a 
priority higher than the processor’s current priority 
level are held pending until interrupts in the current 
service routine are enabled by software or until one 
Instruction has been executed after returning from the 
current service routine. Interrupt requests of a lower 
priority are always held pending until one instruction 
has been executed after returning from the current 
service routine. 

The default priorities listed In table 3 are fixed by 
hardware and are effective only when It is necessary to 
choose between two interrupt requests of the same 
software-assigned priority. For example, the default 
priorities would be used after the completion of a 
high-priority routine. If two interrupts of the same 
software priority were pending. 

The software interrupt, initiated by the BRK Instruc¬ 
tion, is executed regardless of the processor’s priority 
level and the state of the IE bit. It does not alter the 
processor’s priority level. 

Vectored Interrupt Servicing. When a vectored In¬ 
terrupt is acknowledged, the program status word and 
the program counter are saved on the stack, the pro¬ 
cessor’s priority Is set to that specified for the Interrupt, 
the IE bit in the PSW is set to zero, and the routine 
whose address is In the interrupt vector table is en¬ 
tered. At the completion of the service routine, the RETI 
instruction (RETB instruction for the software inter¬ 
rupt) reverses the process and the /iPD78014 family 
microcontroller resumes the interrupted routine. 

Standby Modes 

HALT STOP, and data retention modes are provided to 
reduce power consumption when CPU action is not 
required. 

The HALT mode is entered by executing a HALT In¬ 
struction while the CPU is operating from the main 
system or subsystem clock. In HALT mode, the CPU 
clock is stopped while the main system and the sub¬ 
system clock continue to run. The HALT mode is re¬ 
leased by any unmasked Interrupt request (except 


INTPO if register SCS = 0), a nonmaskable interrupt 
request, an unmasked test Input, or an external reset 
pulse. 

Power consumption may be further reduced by using 
the STOP mode. The STOP mode is entered by execut¬ 
ing a STOP Instruction while operating from the main 
system clock. In STOP mode, the main system clock 
input pin X1 Is Internally grounded stopping both the 
CPU and the peripheral hardware clock. The STOP 
mode is released by any unmasked interrupt request 
except INTPO, a nonmaskable interrupt request, an 
unmasked test input, or an external reset pulse. Any 
peripheral using the main oscillator as a clock source 
will also be disabled in the STOP mode and interrupts 
from such a peripheral cannot be used to exit the STOP 
mode. Table 4 summarizes both the HALT and STOP 
standby modes. 


Table 4 . Standby Mode Operation Status 


Item 

HALT Mode 

STOP Mode 

Setting instruction 

HALT instruction 

STOP instruction 

System clock when 
setting 

Main system or 
subsystem clock 

Main system clock 

Clock oscillator 

Main system and 
subsystem clocks can 
oscillate; CPU clock is 
stopped. 

Subsystem clock can 
oscillate; CPU clock 
and main system 
clock are stopped. 

CPU 

Operation stopped 

Operation stopped 

Ports 

Maintain previous 
state 

Maintain previous 
state 

16-bit timer/event 
counter 

Operational from main 
system clock 

Operation stopped 

8-bit timer/event 
counters 

Operational from main 
system clock 

Operational only with 
Til and TI2 as count 
clock 

Clock timer 

Operational from main 
system clock and with 
fxT as count clock 

Operational only with 
fxT as count clock 

Watchdog timer 

Operational from main 
system clock 

Operation stopped 

Serial interface 0 

Operational from main 
system clock 

Operational only with 
external clock 

Serial interface 1 

Operational from main 
system clock; no 
automatic transmit/ 
receive mode 

Operational only with 
external clock; no 
automatic transmit/ 
receive mode 

A/D converter 

Operational from main 
system clock 

Operation stopped 

External interrupts 

Operational except for 
INTPO when its 
sampling clock is 
based on the CPU 
clock 

INTPO not operational; 
INTP1 to INTP3 
operational 
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When exiting the STOP mode, a wait time occurs before 
the CPU begins execution to allow the main system 
clock oscillator circuit to stabilize. The oscillator stabi¬ 
lization time is selected by programming the OSTS 
register with one of five values before entering the 
STOP mode. The values range from 0.98 msec to 31.3 
msec at fx = 8.38 MHz. Once in the STOP mode, power 
consumption can be further minimized by lowering the 
power supply voltage Vdd to 2 V. This places the device 
in the data retention mode. The contents of internal 
RAM and the registers are retained. This mode is 
released by first raising Vop to the proper operating 
range and then releasing the STOP mode. 

External Reset 

The ;iPD78014 family Is reset by taking the RESET pin 
low or by an over flow of the watchdog timer (if en¬ 
abled). The RESET Input pin is a schmitt-trigger input 
with hysteresis characteristics to protect against spu- 
rious sy stem resets caused by noise. On power-up, the 
RESET pin must remain low for a minimum of 10jus after 
the power supply reaches its operating voltage. 

There is no functional difference between an external 
reset and an Internal reset caused by the overflow of 
the watchdog timer. In both cases, the main system 
clock oscillation is stopped and the subsystem clock 
oscillation continues. During reset, the program 
counter Is loaded with the address contained In the 
reset vector (addresses OOOOH, 0001H). Once the reset 
is cleared and the oscillation stabilization time of 2i8/fx 
has elapsed, program execution starts at that address. 


ELECTRICAL SPECIFICATIONS 
Absolute Maximum Ratings 

Ta = +25°C 


Supply voltage, Vqd 

-0.3 to +7.0 V 

Supply voltage, Vpp 

-0.3 to+13.5 V 

Supply voltage, AVqq 

-0.3 to Vdd+ 0.3 V 

Supply voltage, AVref 

-0.3 to Vdd+ 0.3 V 

Supply voltage, AVss 

-0.3 to + 0.3 V 

Input voltage, V|i (except PSq to P 63 ) 

-0.3 to Vdd+ 0.3 V 

Input voltage, V |2 (PBq to P 63 ; open 
drain) 

-0.3 to +16 V 

Output voltage, Vq 

-0.3 to VDD+0.3 V 

Analog input voltage. Van 
( port 1 ; analog input pin) 

AVss “0.3 to AVref+ 0.3 V 

Output current, high; Iqh 

Each output pin 

Total: ports 2 and 3 

Total: port 0 and ports 4 to 6 

-10 mA 
-15 mA 
-15 mA 

Output current, low, Iql t 

Each output pin 

Total: P4o to P 47 and 

PSq to P 55 

Total: PO-j to PO 3 , P 50 , P 57 , and P 60 
to P 67 

Total: PO 1 to PO 3 and P 64 to P 67 
Total: ports 2 and 3 

30 mA peak, 15 mA rms 
100 mA peak, 70 mA rms 

100 mA peak, 70 mA rms 

50 mA peak, 20 mA rms 
50 mA peak, 20 mA rms 

Operating temperature, Tqpt 

-40 to +85°C 

storage temperature, Tsjg 

-65 to +150°C 

t rms value = peak value x (duty cycle) 1/2 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma¬ 
nent damage. The device should be operated within the limits 
specified under DC and AC characteristics. 

Capacitance 

Ta= +25°QVdd= Vss= OV 


Parameter Symbol Max Unit 

Conditions 

Input C|N 15 pF 

capacitance 

Except P 60 f - 1 MHz; 
to P 63 unmeasured 

20 pF 

P 6 otoP 63 P'ns returned 

y tn grniinH 

Output CouT 15 pF 

Capacitance 

Except P 60 
to P 63 

20 pF 

P 60 to P 63 


Input/output C|o 15 pF Except P 6 o 
capacitance to P 63 


20 pF P 60 to P 63 
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iifPD78014 Family 


Main System Clock Oscillator 

Ta = -40 to 4-85°C: Vqd = 2.7 to 6.0 V; refer to figure 16. 


Type 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Ceramic resonator 

Oscillation frequency (Note 1) 

fx 

1.0 


10.0 

MHz 

Vqd = oscillator voltage range 

(Figure 16A) 

Oscillation stabilization time (Note 2) 




4.0 

ms 

After Vqd reaches oscillator operating voltage 

Crystal resonator 

Oscillation frequency (Note 1) 

fx 

1.0 

8.38 

10.0 

MHz 


(Figure 16A) 

Oscillation stabilization time (Note 2) 




10 

ms 

Vdd = 4.5 to 6.0 V 






30 

ms 


External clock 

XI input frequency (Note 1) 

k 

1.0 


10.0 

MHz 


(Figure 16B) 

XI input high/low-level width 

tXH. tXL 

50 


500 

ns 



Notes: 

(1) Oscillator and XI input frequencies are included only to show the 
oscillator characteristics. Refer to the AC Characteristics table 
for actual instruction execution times. 

Subsystem Clock Oscillator 

Ta = -40 to +85°C: Vdd = 2.7 to 6.0 V; refer to figure 17. 


(2) Time required for the oscillator to stabilize after reset or STOP 
mode is released. The values shown are for the recommended 


resonators. Values for resonators not shown in this data sheet 
should be obtained from the manufacturer’s specification sheets. 



Type 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Crystal resonator 

Oscillation frequency (Note 1) 

fXT 

32 

32.768 

35 

kHz 


(Figure 17A) 

Oscillation stabilization time (Note 2) 



1.2 

2 

s 

Vdd = 4.5 to 6.0 V 






10 

s 


External clock 

XT1 input frequency (Note 1) 

fXT 

32 


100 

kHz 


(Figure 17B) 

XT1 input high/low-level width 

<XTH. <XTL 

5 


15 

fJS 



Notes: 

(1) The oscillator and XT1 input frequencies are included only to (2) Time required for the oscillator to stabilize after reset or STOP 
show the oscillator characteristics. Refer to the AC Characteris- mode is released. The values shown are for the recommended 

tics table for actual instruction execution times. resonators. Values for resonators not shown in this data sheet 

should be obtained from the manufacturer’s specification sheets. 
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Note: When the Input Is an external clock, the STOP 
mode can not be set because the X1 pin Is connected 
to system ground (Vss )• 


83YL-93&6A 







ffPD780t4 Family 


Recommended Main System Clock Ceramic Resonators 

Ta = -40 to +85°C, refer to figure 16a 


Pert Number 

Recommended Circuit Constant 

Oscillator Voltage Range 

Frequency 

(Notes 1 and 2) 

Cl (pF) 

C 2 (pF) 

R1 (kfl) 

Min (V) 

Max (V) 

(MHz) 

CSB1000J 

100 

100 

6.8 

2.7 (Note 3) 

2.8 (Note 4) 

6.0 

1.00 

CSBxxxxJ 

100 

100 

4.7 

2.7 (Note 3) 

2.8 (Note 4) 

6.0 

1.01 to 1.25 

CSAX.XXXMK 

100 

100 

0 

2.7 (Note 3) 

2.8 (Note 4) 

6.0 

1.26 to 1.79 

CSAx.xxMG (Note 3) 

100 

100 

0 

2.7 

6.0 

1 .8 to 2.44 

CSAx.xxMG093( Note 4) 

100 

100 

0 

2.7 

6.0 


CSTx.xxMG (Note 3) 

(Note 5) 

(Note 5) 

0 

2.7 

6.0 


CSTx.xxMG093 (Note 4) 

0 (Note 5) 

0 (Note 5) 

0 

2.7 

6.0 


CSAx.xxMG 

30 

30 

0 

2.7 

6.0 

2.45 to 4.18 

CSTx.xxMGW 

(Note 5) 

(Note 5) 

0 

2.7 

6.0 


CSAx.xxMG (Note 3) 

30 

30 

0 

2.7 

6.0 

4.19 to 6.00 

CSAx.xxMGU( Note 4) 

30 

30 

0 

2.7 

6.0 


CSTx.xxMGW (Note 3) 

(Note 5) 

(Note 5) 

0 

2.7 

6.0 


CSTx.xxMGWU (Note 4) 

0 (Note 5) 

0 (Note 5) 

0 

2.7 

6.0 


CSAx.xxMT 

30 

30 

0 

2.7 (Note 3) 

3.0 (Note 4) 

6.0 

6.01 to 10.0 

CSTx.xxMTW 

(Note 5) 

(Note 5) 

0 

2.7 (Note 3) 

3.0 (Note 4) 

6.0 



Notes: 

(1) Manufactured by Murata Mfg. Co., Ltd. (4) /L/PD78P014 only 

(2) x.xx indicates frequency (5) Cl and C2 are contained in the ceramic resonators. 

(3) /iPD7801x only 


Recommended Subsystem Clock Crystal Resonators (/iPD7801x) 

T/\ = -40 to +60°C , refer to figure 17a 



Frequency 

(kHz) 

Recommended Circuit Constant 

Oscillator Voltage Range 

Part Number t 

C3 (pF) C4 (pF) R2 (kJ2) 

Min (V) 

Max (V) 

DT-38 (1TA252 EOO, load capacitance 6.3 pF) 

32.768 

12 12 100 

2.7 

6.0 


t Manufactured by Daishinku 


DC Characteristics 

Ta = -40 to +85°C; Vqd = +2.7 to 6.0 V; refer to figures 18-23 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

High-level input voltage 

V|H1 

0.7 Vdd 


Vdd 

V 

Other than below 


V|H2 

0.8 Vdd 


Vdd 

V 

POo to PO4, P 2 o, P 22 , P24 to P27, 

P33, P34, reset 


V|H 3 

0.7 Vdd 


15 

V 

P 60 to P 63 : open-drain 


V|H 4 

Vdd-0.5 


Vdd 

V 

XI, X2 


V|H 5 

Vdd-0.5 


Vdd 

V 

Vdd = 4.5to6.0V:XT1, XT 2 



CO 

d 

Q 

Q 

> 


Vdd 

V 

^iPD7801x: XT1, XT2 



Vdd- 0.2 


Vdd 

V 

/JPD78P014 


3c 
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fiPD78014 Family 


NEC 


DC Characteristics (cont) 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Low-level input voltage 

V|L1 

0 


0.3 Vqd 

V 

Other than below 


CM 

> 

0 


0-2 Vqd 

V 

POo to PO 4 , P2o, P 22 , P 24 to P 27 , 

P33, P34, reset 


V|L3 

0 


0.3 Vqd 

V 

P 60 to P 63 : Vqd = 4.5 to 6.0 V 



0 


0-2 Vqq 

V 

P 6 q to P 63 


V|L4 

0 


0.4 

V 

XI, X2 


V|L5 

0 


0.4 

V 

XT1,XT2: Vdd= 4.5 to 6.0 V 



0 


0.3 

V 

XT1, XT2 

High-level output voltage 

V0H1 

Vdd - 1 0 



V 

Vqd = 4.5 to 6.0 V, Iqi-| = - 1 .0 mA 



Vdd-0.5 



V 

Iqh = -100 a/A 

Low-level output voltage 

V0L1 


0.4 

2.0 

V 

P5o to P 57 , P 60 to P 63 ; 

Vqd = 4.5 to 6.0 V, Iql = 15 mA 





0.4 

V 

Other than above; Vqq = 4.5 to 6.0 V, 

Iql = 1-6 mA 


V0L2 



0.2 Vqd 

V 

SBO, SB1, s^: Vqd = 4.5 to 6.0 V, 
open-drain, pullup resistance = 1 kQ 


VoL3 



0.5 

V 

Iql = 400 /iA 

High-level input leakage 

'lihi 



3 

/iA 

V|N = Vqq; except XI, X 2 , XT 1 , XT 2 

current 

'lIH2 



20 

A/A 

V|N = Vdd:X1,X2, XT1,XT2 


•lIH3 



80 

A/A 

V,N = 15 V: P 6 oto P 63 

Low-level input leakage 

•lili 



-3 

^A 

V|N = 0 V; except XI, X2, XT1, XT2 

current 

'lIL 2 



-20 

AiA 

V|N = OV; XI, X2, XT1, XT2 


•lIL3 



-3 

A/A 

V,N = 0 V; P 60 to P 63 (Note 1) 

Output leakage current high 

■lohi 



3 

AvA 

VoUT = Vqd 

Output leakage current low 

•lol 



-3 


VouT= OV 

Mask option pullup resistor 

R1 

20 

40 

90 

kQ 

V|N = 0 V; P 60 TO P 63 , A/PD7801X only 

Software pullup resistor 

R 2 

15 

40 

90 

kQ 

Vqd = 4.5 to 6.0 V; V|n = 0 V, PO 1 to PO 3 , 
ports 1 to 5, P 64 to P 67 



20 


500 

kQ 

Vqd = = 2.7 to 4.5 V; V|n = 0 V, PO 1 to PO 3 , 
ports 1 to 5, P 64 to P 67 

Power supply current 
Ol/PD7801x) 

•ddi 


7.5 

22.5 

mA 

8.38 MHz crystal oscillation operating mode; 

Vqd = 5.0 V ±10% (Note 2) 




0.8 

2.4 

mA 

8.38 MHz crystal oscillation operating mode; 

Vqd = 3.0 V ±10% (Note 3) 


IdD2 


1.4 

4.2 

mA 

8.38 MHz crystal oscillation HALT mode; 

Vqd = 5.0 V ±10% 




550 

1650 

AiA 

8.38 MHz crystal oscillation HALT mode; 

Vqd = 3.0 V ± 10 % 


■dD3 


60 

120 

/iA 

32.768 kHz crystal oscillation operating mode; 
Vqd = 5.0 V ±10%, XI STOP mode, CPU 
operating from subsystem clock 




35 

70 


32.768 kHz crystal oscillation operating mode; 
Vqd = 3.0 V ±10%, XI STOP mode, CPU 
operating from subsystem clock 
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PPD78014 Family 


DC Characteristics (cont) 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Power supply current 
(^PD7801x) (cont) 

IdD4 


25 

50 


32.768 kHz crystal oscillation HALT mode; 

Vdd = 5-0 V ±10%, XI STOP mode 




5 

10 

fjA 

32.768 kHz crystal oscillation HALT mode; 

Vdd = 3-0 V ± 10 %, XI stop mode 


•dD5 


1 

20 


XT1 =0 V STOP mode when feedback resistor 
is connected: Vdd = 3.0 V ± 10% 




0.5 

10 

A/A 

XT1 =0 V STOP mode when feedback resistor 
is connected: Vdd = 3.0 V ±10% 


•dD 6 


0.1 

20 

AiA 

XT1 = 0 V STOP mode when feedback resistor 
is disconnected; Vdd = 3.0 V ±10% 




0.05 

10 

fjA 

XT1 =0 V STOP mode when feedback resistor 
is disconnected: Vdd = 3.0 V ±10% 

Power supply current 
(/7PD78P014) 

'ddi 


9 

27 

mA 

8.38 MHz crystal oscillation operating mode; 
Vdd = 3.0 V ±10% (Note 2) 




1 

3 

mA 

8.38 MHz crystal oscillation operating mode; 
Vdd = 3.0 V ±10% (Note 3) 


'dD 2 


1.4 

4.2 

mA 

8.38 MHz crystal oscillation HALT mode; Vdd ~ 
5.0 V ±10% 




550 

1650 


8.38 MHz crystal oscillation HALT mode; Vdd 

3.0 V ±10% 


'dD3 


90 

180 

A/A 

32.768 kHz crystal oscillation operating mode; 
Vdd = 3.0 V ± 10 %, XI stop mode, CPU 
operating from subsystem clock 




50 

100 

AiA 

32.768 kHz crystal oscillation operating mode; 
Vdd = 3.0 V ± 10 %, XI stop mode, CPU 
operating from subsystem clock 


•dD4 


25 

50 

fjA 

32.768 kHz crystal oscillation HALT mode; 

Vdd = 5.0 V ± 10 %, XI stop mode 




5 

10 

AvA 

32.768 kHz crystal oscillation HALT mode; 

Vdd = 3.0 V ± 10 %, XI stop mode 


IdD5 


1 

30 

fjA 

XT1 = 0 V STOP mode when feedback resistor 
is connected: Vdd = 3.0 V ±10% 




0.5 

10 

/iA 

XT1 = 0 V STOP mode when feedback resistor 
is connected: Vqd = 3.0 V ±10% 


•dD 6 


0.1 

30 

/iA 

XT1 = 0 V STOP mode when feedback resistor 
is disconnected: Vdd = 5.0 V ±10% 




0.05 

10 

/iA 

XT1 = 0 V STOP mode when feedback resistor 
is disconnected: Vdd = 3.0 V ±10% 


Notes: 

(1) P6o to P63 become -200 //A (max.) for only 1 clock cycle during 
input instruction execution (no wait) and -3 /iA (max.) during 
instruction other than input. 

(2) When operated in the high-speed mode with the processor clock 
control register set to OOH. 

(3) When operated in low-speed mode with the processor clock 
control register set to 04H. 


3c 


35 






ffPD78014 Family 




36 
















JIIPD78014 Family 





37 








iifPD78014 Family 


AC Characteristics 

T/^ = -40 to +85°C; Vqd = 2.7 to 6 V ; refer to figures 24 through 30 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Cycle time 
(Min. instruction 

tcY 

0.4 


64 

A/s 

Vdd = 4-5 to 6.0 V: operating on main system 
clock Ol/PD7801x) 

execution time) 


0.96 


64 

A/s 

Operating on main system clock (^PD7801x) 



0.48 


64 

A/s 

Vdd = 4,5 to 6.0 V: operating on main system 
clock (jL/PD78P014) 



1.91 


64 

A/s 

Operating on main system clock (jUPD78P014) 



0.4 


64 

A/s 

Ta = -40 to +40°C, Vdd = 4.75 to 6.0 V: 
operating on main system clock (A/PD78P014) 



0.96 


64 

fJS 

Ta = -40 to +40°C: operating on main system 
clock (^PD78P014) 



114 

122 

125 


Operating on subsystem clock 

Tl input 


0 


4 

MHz 

Vdd = 4.5 to 6.0 V 

frequency 


0 


275 

kHz 


Tl input high/ 

^IH. tTIL 

100 



ns 

Vdd = 4.5 to 6.0 V 

low-level width 


1.8 



jUS 


Interrupt input 

tlNTH. t|NTL 

8/fsam (Note 1) 



Afs 

INTPO 

high/low-level 

width 


10 



A/s 

INTP1 to INTP3 


10 



A/s 

KRO to KR7 (Note 2) 

RESET low-level width 

tRST 

10 



A/s 



Notes: 


(1) By using bits 0 and 1 of the sampling clock select (SCS) register 

in conjunction with bits 0 to 2 of the processor clock control 
(PCC) register, fgam to fx/2N+ 1 (where N = 0 to 4), 

fx/64, orfx/128. 

(2) Port 4 falling-edge detection input. 
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PPD78014 Family 


Figure 26, AC Timing Measurements Points Figure 29, interrupt input Timing 

(except XI and XT1) | ^ 


■ 0.8 V00^M0asurement-*'O.8 V0Q - 

■ 0.2Vdd'^ Points ^0.2 Vdd^ 


Figure 27, dock A C Timing Points XI and XT1 




Figure 30, RESET input Timing 


\< —tXTL-H N-txTH- 


VDD-0.5V 



Figure 28, Ti Timing 
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JJPD78014 Family 


Read/Write Operation 

Ta = -40 to +85°C, Vqq = 2.7 to 6.0 V; refer to figures 31 through 34 


Parameter 

Symbol 

Min 

Max 

Unit 

Conditions 

ASTB high-level width 

USTH 

0.5 tcY 


ns 


Address setup time to ASTB i 

Uds 

0.5 tcY ~ 30 


ns 


Address hold time from ASTB 4 

Udh 

10 


ns 

Load resistor > 5 kQ 

Data input time from address 

<ADD1 


(2-l-2n)tcY-50 

ns 

Instruction fetch 


tADD2 

5 

(3-l-2n)tcY-100 

ns 

Data access 

Data input time from ^ i 

'rddi 


(1-h2n)tcY-25 

ns 

Instruction fetch 


'RDD2 


(2.5-H2n)tcY-100 

ns 

Data access 

Read data hold time 

<RDH 

0 


ns 


RD low-level width 

^RDLI 

(1.5-4-2n)tcY-20 


ns 

Instruction fetch 


<RDL2 

(2.5-H2n)tcY-20 


ns 

Data access 

WAIT i input time from RD 4 

^RDWTI 


0.5 toY 

ns 

Instruction fetch 


^RDWT2 


1.5 tQY 

ns 

Data access 

WAIT 4 input time from WR 4 

tWRWT 


0.5 tcY 

ns 


WAIT low-level width 

tWTL 

(0.5-l-2n)tcY+10 

(2+2n)tcY 

ns 


Write data setup time to WR t 

tWDS 

100 


ns 


Write data hold time from WR T 

hiDH 

5 


ns 


WR low-level width 

%RL1 

(2.5+2n)tcY-20 


ns 


RD 4 delay time from ASTB 4 

USTRD 

0.5 tcY ~ 30 


ns 


WR 4 delay time from ASTB 4 

USTWR 

1.5 Iqy ~ 30 


ns 


ASTB t delay time from RD t (external fetch) 

♦rdast 

o 

1 

tcY+40 

ns 


Address hold time from RD T (external fetch) 

^RDADH 

<CY 


ns 


Write data output time from RD t 

^RDWD 

10 


ns 


WR 4 delay time from write data 

%DWR 

0.5tcY-120 

0.5 tQY 

ns 

Vqd = 4.5 to 6.0 V 



0.5 Iqy -170 

0.5 tQY 

ns 


Address hold time from WR t 

tWRADH 

<CY 

tcY+ 60 

ns 

Vqd = 4.5 to 6.0 V 



^CY 

tcY+100 

ns 


RD t delay time from WAIT t 

tWTRD 

0.5 tcY 

2.5 tQY+80 

ns 


WR t delay time from WAIT t 

twTWR 

0.5 tcY 

2.5 tQY+80 

ns 


Notes: 

(1) tcY = tcY/4 

(2) n indicates number of waits. 

(3) Cl = 100 pF 
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fiPD78014 Family 


Figure 34. Read/Write Operation; Externai Data Access (Wait insertion) 
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iiiPD78014 Family 


Serial Interface, 3-Wire, I/O Mode; Internal SOk Output 

Ta = -40 to +85“C; Vqq = 2.7 to 6.0 V; refer to figure 35 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

SCK cycle time 

^KCYI 

800 



ns 

Vdd = 4.5 to 6.0 V 



3200 



ns 


SCK high- and low-level width 

^KH1. <KL1 

tKCYl/2 - 50 



ns 

Vqd = 4.5 to 6.0 V 



^KCYi/2- 150 



ns 


SI setup time to SCK t 

tSIK1 

100 



ns 


SI hold time from SCK t 

^Ksn 

400 



ns 


SO output delay time from SCK i 

'ksoi 



300 

ns 

Vqd = 4.5 to 6.0 V; C = 100 pF (Note 1) 





1000 

ns 

C = 100 pF (Note 1) 


Note 1: C is the load capacitance of the SO output line. 


Serial Interface, 3-Wire, I/O Mode; External SCK input 

Ta = -40 to +85°C; Vqd = 2.7 to 6.0 V; refer to figure 35 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

SCK cycle time 

1kCY2 

800 



ns 

Vdd = 4.5 to 6.0 V 



3200 



ns 


SCK high- and low-level width 

*KH2- *KL2 

400 



ns 

Vdd = 4.5 to 6.0 V 



1600 



ns 


SI setup time to SCK t 

1SIK2 

100 



ns 


SI hold time from SCK t 

Iks 12 

400 



ns 


SO output delay time from SCK i 

1kS02 



300 

ns 

Vdd = 4.5 to 6.0 V: C = 100 pF (Note 1) 





1000 

ns 

C = 100 pF (Note 1) 


Note 1: C is the load capacitance of the SO output line. 









fiPD78014 Family 


Serial Interface, SBI Mode; Internal SCK Output 


Ta = -40 to +85°C; Vdd = 2.7 to 6.0 V; refer to figure 36 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit Conditions 

SCK cycle time 

tKCY3 

800 



ns Vqd = 4.5 to 6.0 V 



3200 



ns 

SCK high- and low-level width 

tKH3. tKL3 

tKCY3/2 - 50 



ns Vqq = 4.5 to 6.0 V 



*KCY3/2- 150 



ns 

SBO, SBI setup time to SCK t 

<SIK3 

100 



ns Vdq = 4.5 to 6.0 V 



300 



ns 

SBO, SB1 hold time from SCKt 

^KSI3 

1kCY3/2 



ns 

SB0,SB1 output delay time from SCK i 

^KS03 

0 


250 

ns Vqd = 4.5to6.0 V: R = 1 kO, 

C = 100 pF (Note 1) 



0 


1000 

ns R = 1 ka C = 100 pF (Note 1) 

SBO, SB1 4 from S^ t 

^KSB 

1kCY3 



' ns 

4 from SBO, SB1 4 

tSBK 

1kCY3 



ns 

SBO, SBI high-level width 

tSBH 

tKCY3 



ns 

SBO, SBI low-level width 

%BL 

1kCY3 



ns 

Note 1: R and C are the load resistance and load capacitance of the 

SBO and SBI output lines. 




Serial Interface, SBI Mode; External SCK Input 

Ta = -40 to -l-85°C; Vqd = 2.7 to 6.0 V; refer to figure 36 




Parameter 

Symbol 

Min Typ 

Max 

Unit 

Conditions 

SCK cycle time 

tKCY4 

800 


ns 

Vqd = 4.5 to 6.0 V 



3200 


ns 


SCK high- and low-level width 

tKH4. tKL4 

400 


ns 

Vqd = 4.5 to 6.0 V 



1600 


ns 


SBO, SB1 setup time to SCK t 

^S1K4 

100 


ns 

Vqd = 4.5 to 6.0 V 



300 


ns 


SBO, SBI hold time from SCKt 

tKSI4 

tKCY4/2 


ns 


SBO, SBI output delay time from SCK 4 

tKS04 

0 

300 

ns 

Vqd = 4.5 to 6.0 V; R = 1 kQ C = 100 pF. 
(Note 1) 



0 

1000 

ns 

R = 1 kO; C = 100 pF 

SBO, SB1 4 from S^ t 

^KSB 

1kCY4 


ns 


S^ 4 from SBO, SB1 4 

<SBK 

1kCY4 


ns 


SBO, SB1 high-level width 

tSBH 

1kCY4 


ns 


SBO, SB1 low-level width 

tSBL 

1kCY4 


ns 



Note 1: R and C are the load resistance and load capacitance of the 
SBO and SB1 output lines. 
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Serial Interface, 2-Wire, I/O Mode; Internal SCK Output 


Ta = “40 to +85°C: Vqq = 2.7 to 6.0 V; refer to figure 37 


Parameter 

Symbol 

Mfn Typ 

Max 

Unit 

Conditions 

SCK cycle time 

^KCYS 

1600 


ns 

Vdd = 4.5 to 6.0 V 



3800 


ns 


SCK high-level width 

tKH5 

tKCY5/2 - 50 


ns 


SCK low-level width 

'KL5 

^KCY5/2 - 50 


ns 


SBO, SB1 setup time to SCK T 

tslK1 

300 


ns 


SBO, SB1 hold time from SCK t 

'KSI5 

600 


ns 


SBO, SB1 output delay time from SCK i 

^KSOS 

0 

250 

ns 

Vqd = 4.5 to 6.0 V 

R = 1 ka C = 100 pF (Note 1) 



0 

1000 

ns 

R = 1 kC C = 100 pF (Note 1) 

Note 1: R and C are load resistance and load capacitance of the 

SCKO, SBO, and SB1 output lines. 




Serial Interface, 2-Wire, I/O Mode; External SCK Input 

Ta = -40 to +85°C; Vdd = 2.7 to 6.0 V; refer to figure 37 




Parameter 

Symbol 

Min Typ 

Max 

Unit 

Conditions 

SCK cycle time 

tKCY6 

1600 


ns 

Vdd = 4.5 to 6.0 V 



3800 


ns 


SCK high-level width 

tKH6 

650 


ns 


SCK low-level width 

tKL6 

800 


ns 


SBO, SB1 setup time to SCK T 

<SIK6 

100 


ns 


SBO, SB1 hold time from SCK t 

^KSie 

<KCY6/2 


ns 


SBO, SB1 output delay time from SCK i 

^KS06 

0 

300 

ns 

Vdd = 4.5 to 6.0 V 

R = IkQ C = 100 pF (Note 1) 



0 

1000 

ns 



Note 1; R and C are load resistance and load capacitance of the 
SCKO, SBO, and SB1 output lines. 
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Serial Interface, 3-Wire, I/O Mode with Automatic Transmit/Receive Function^ Internal SCK Output 

Ta = -40 to+85°C: Vdd = 2.7 to 6.0 V; refer to figure 38 

Parameter 

Symbol 

Min 

Typ Max 

Unit 

Conditions 

SCK cycle time 

^KCY7 

800 


ns 

Vdd = 4.5 to 6.0 V 



3200 


ns 


SCK high- and low-level width 

tKH7. tKL7 

<KCY7/2 - 50 


ns 

Vdd = 4.5 to 6.0 V 



^KCY7/2- 150 


ns 


SI setup time to SCK t 

tSIK7 

100 


ns 


SI hold time from SCK t 

tKSI7 

400 


ns 


SCK i to SO output delay time 

tKS07 


300 

ns 

Vdd = 4.5 to 6.0 V: C = 100 pF (Note 1) 




1000 

ns 

C = 100 pF (Note 1) 

STB t from S^ T 

^SBD 

400 

1kCY7 

ns 


Strobe signal high-level width 

tSBW 

o 

CO 

1 

1 

1kCY7 +50 

ns 


Busy signal set-up time (to busy signal 
detection timing) 

Ws 

100 


ns 


Busy signal hold time (from busy signal 
detection timing) 

Wh 

100 


ns 


SCK i from busy inactive 

tSPS 


2 tKCY7 

ns 



Note 1: C is the load capacitance for the SO output line. 


Serial Interface, 3-Wire, I/O Mode with Automatic Transmit/Receive Function; External SCK Input 

Ta = -40 to +85°C; Vqq = 2.7 to 6.0 V; refer to figure 38 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

SCK cycle time 

1kCY8 

800 



ns 

Vqd = 4.5 to 6.0 V 



3200 



ns 


SCK high- and low-level width 

kH8> 1 kL8 

. 400 



ns 

VpD = 4.5 to 6.0 V 



1600 



ns 


SI setup time to SCK t 

1SIK8 

100 



ns 


SI hold time from SCK t 

Iks 18 

400 



ns 


SCK 1 to SO output delay time 

Iksob 



300 

ns 

Vdd = 4.5 to 6.0 V; C = 100 pF (Note 1) 





1000 

ns 

C = 100 pF (Note 1) 

S^ 1 (after STB) from S^ t 

1SPS1 

2tKCY8 



ns 



Note 1 : C is the load capacitance for the SO output line. 


48 










iLiPD78014 Family 



^9 















PPD78014 Family 


Figure 37. Serial interface Timing; 

2-Wire Serial i/O Mode 



^ KCY5,6-► 

-_J U J 


KIL5,6 



*KH5,e 





*KS05,6 r 

1 

■^^KSI5,6 

i _ 




-*SIK5, 

6 




83CL-9377A 


Figure 38. Serial Interface Timing; 3-Wire Serial I/O Mode with Automatic Transmit/Receive Function 



(Active high) 


* SCK does not actually become low here; it is shown this way 
to indicate timing. 

83FM-9378B 
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A/D Converter 

Ta = -40 to +85°C; AVqd = Vdd = 

27 to 6.0 V, AVss 

= Vss = OV 





Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Resolution 


8 

8 

8 

bit 


Absolute accuracy (Note 1) 




±1.5 

LSB 


Conversion time 

tcONV _ 

160/fx 



/iS 

fx =4.19 to 8.38 MHz 



80/fx 



IJB 

fx = 1 to 4.19 MHz 

Sampling time 

%AMP 

24/fx 



JL/S 


Analog input voltage 

V|AN 

AVss 


AVref 

V 


Reference voltage 

AVref 

27 


AVdd 

V 


AVref current 

•ref 


0.5 

1.5 

mA 



Note 1: Absolute accuracy does not include the quantization error 


(±1/2 LSB). 

Data Memory STOP Mode; Low-Vbitage Data Retention 

Ta = -40 to +85°C; refer to figure 39 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Data retention supply voltage 

VdDDR 

2.0 


6.0 

V 


Data retention power supply current 

•dddr 


0.1 

10 

^A 

Vdddr = 2.0 V; subsystem clock stop and 
feedback resistor disconnected 

Release signal set time 

tSREL 

0 



/is 


Oscillation stabilization wait time 

%AIT 


2l«/fX 


ms 

Release by RESET 




(Note 1) 


ms 

Release by interrupt 


Note: 

(1) 2‘>3/fx, 215/fx, 2'*6/fx, 2‘17/fx or 2‘'®/fx can be chosen by using bits 
0 to 2 of the oscillation stabilization time select (OSTS) register. 
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NEC 


Figure 39, Data Retention Timing 


A. STOP mode is released by RESET input 

Internal raset 
operation 



B. STOP mode is released by interrupt signal 


HALT mode 
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PROM PROGRAMMING 

The PROM in the /iPD78P014 is an OTP or UV EPROM. 
The 32,768 X 8-bit PROM has the programming charac¬ 
teristics of an NEC /iPD27C256A. Table 5 shows the 
functions of the pPD78P014 pins in both normal oper¬ 
ating and PROM programming mode. 

Table 5. Pin Functions During PROM 
_ Programming _ 

Function Normal Operating Mode Programming Mode 


Address input P4o - P 47 , PSq, POq, Aq - A 14 

_P52-P56 


Data input 

P3o-P37 

Dq- D 7 

Chip enable/ 
program pulse 

P 65 /WR 


Output enable 

P 64 /RD 

OE 

Program voltage 

IC 

Vpp 

Mode voltage 

RESET 

Logical 0 


Table 5 , Programming Operation Modes 


Mode 

RESET 

Vpp 

Vdd 

CE 


Dq to D7 

Program write 

L 

+12.5 V 

+ 6 V 

L 

H 

Data input 

Program verify 

L 

+12.5 V 

+ 6 V 

H 

L 

Data output 

Program inhibit 

L 

+12.5 V 

+ 6 V 

H 

H 

High impedance 

Read 

L 

+ 5V 

+5V 

L 

L 

Data output 

Output disbie 

L 

+ 5V 

+ 5V 

L 

H 

High impedance 

standby 

L 

+ 5V 

+ 5V 

H 

L/H 

High impedance 


PROM Programming Modes 

When the RESET pin is set low and Vpp is set to +5 V or 
+12.5 V, the /iPD78P014 enters the programming mode 
of operation. Operation in this mode is determined by 
the setting of the CE, OE, Vpp and Vqd pins as indicated 
in Table 6. 


3c 
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Figure 40. PROM Programming Mode Pin Function; 
64-Pin Piastic or Ceramic Shrink DiP 





juPD78014 Family 


Figure 41. PROM Programming Mode Pin Functions; 64-pin Piastic QFP 



Notes: 

(1) L: Connect these pins separately to Vgc through 
resistors (10 kQ). 


(2) Vss: Connect to the ground. 

(3) RESET: Set to the low level. 

(4) Open: Do not connect these pins. 


83YL-9380B 
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PROM Write Procedure 

Data can be written to the PROM by using the following 
procedure. 

( 1 ) Set the pins not used for progra mming as indi¬ 
cated in figures 40 and 41. Set the RESET pin low 
and the Vdd and Vpp pins to +5 V. The CE and OE 
pins should be high. 

( 2 ) Supply +6.0Vtothe Vqo pin and + 12.5 V to the 
Vpp pin. 

(3) Provide the initial address to the Aq - pins. 

(4) Provide the write data. 

(5) Provide a 1-ms program pulse (active low) to the 
CE pin. 

( 6 ) Use the verify mode (pulse OE low) to test the 
data If data is written correctly, proceed to step 
8 ; If data is not written correctly, repeat steps 4 to 
6 up to 25 times. If data is still incorrect, go to step 
7. 

(7) Classify the PROM as defective and cease write 
operation. 

( 8 ) Perform one additional write with a program 
pulse width (in ms) equal to three times the num¬ 
ber of writes performed in step 5. 

(9) Increment the address. 

(10) Repeat steps 4-9 until the last adress is pro¬ 
grammed. 


PROM Read Procedure 

The contents of the PROM can be read out of the 
external data bus (Do - D 7 ) by using the following 
procedure. 

( 1 ) Set the pins not used for progra mming as indi¬ 
cated in figures 40 and 41. Set the RESET£in low 
and the Vpp pin and Vqd pin to -f 5 V. The CE and 
OE pins should be high. 

(2) Input the address of the data to be read to the 
Aq- Ai 4 pins. 

(3) Put an active-low pulse on CE and OE pins. 

(4) Data is output to pins Dq - D 7 . 

Program Erasure 

The UV EPROM can be erased (all locations FFH) by 
exposing the window to light having a wavelength 
shorter than 400 nm, including ultraviolet, direct sun¬ 
light, and fluorescent light. To prevent unintentional 
erasure, mask the window. 

Typically, data is erased by 254-nm ultraviolet rays. A 
minimum lighting level of 15 W s/cm2 (ultraviolet ray 
intensity x exposure time) is required to completely 
erase the written data. Erasure by an ultraviolet lamp 
rated at 12,000 pW/cms takes approximately 15 to 20 
minutes. Remove any filter on the lamp and place the 
device within 2.5 cm of the lamp tubes. 
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DC Programming Characteristics 

Ta = 25 ±5°C, Vss = OV. 

Parameter 

Symbol 

Symbol* 

Min 

Typ 

Max 

Unit 

Condition 

High-level input voltage 

V|H 

V|H 

0.7Vddp 


Vddp 

V 


Low-level input voltage 

V|L 

V|L 

0 


0.3 Vddp 

V 


Input leakage current 

■lip 

'Ll 



10 

IjA 

0 < V| < Vddp 

High-level output voltage 

VoH1 

V0H1 

2.4 



V 

Iqh = -400 /l/A 


VoH2 

VoH2 

Vdd-0-7 



V 

Iqh = -*100 /iA 

Low-level output voltage 

Vol 

VoL 



0.45 

V 

Iql = 2.1 mA 

Output leakage current 

Ilo 




10 

/iA 

0 < Vq Vddp. 0)E = V|h 

Vddp power voltage 

VdDP 

Vcc 

5.75 

6.0 

6.25 

V 

Program memory write mode 




4.5 

5.0 

5.5 

V 

Program memory read mode 

Vpp power voltage 

Vpp 

Vpp 

12.2 

12.5 

12.8 

V 

Program memory write mode 





Vpp = Vddp 


V 

Program memory read mode 

Vddp power current 

■dd 

■cc 


5 

30 

mA 

Program memory write mode 





5 

30 

mA 

Program memory read mode 
CE = V,L. V, = V,H 

Vpp power current 

Ipp 

Ipp 


5 

30 

mA 

Program memory write mode 
CE = V,L, OE = V,H 





1 

100 


Program memory read mode 


^Corresponding symbols of the /iPD27C256A. 

AC Programming Characteristics (Write Mode) 


Ta= 25 ±5°C,Vss= 0V,Vdd = 

6 ±0.25 V, Vpp = 

12.5 ±0.3 V. 






Parameter 

Symbol 

Symbol* 

Min 

Typ 

Max 

Unit 

Conditions 

Address setup time to CE 1 

tSAC 

Us 

2 





Data input to OE 1 delay time 

^DDOO 

^OES 

2 



fJS 


Input data setup time to CE 1 

tSIDC 

bs 

2 



fJS 


Address hold time from CE t 

^HCA 

Uh 

2 



IJS 


Input data hold time from CE t 

^HCID 

^DH 

2 





Output data hold time from OE t 

^HOOD 

^DF 

0 


130 

ns 


Vpp setup time to CE i 

^SVPC 

Vps 

1 



ms 


Vddp setup time to CE i 

tSVDC 

Vcs 

1 



ms 


Initial program pulse width 

%L1 

tpw 

0.95 

1.0 

1.05 

ms 


Additional program pulse width 

VL2 

topw 

2.85 


78.75 

ms 


OE i to data output time 

tDOOD 

be 



150 

ns 



* Corresponding symbols of the/iPD27C256A. 
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AC Programming Characteristics (Read Mode) 

Ta = 25 ±5»C Vss = 0 V, Vdd = 5 ±0.5 V, Vpp = Voq. 


Parameter 

Symbol 

Symbol* 

Min Typ 

Max 

Unit 

Condition 

Address to data output time 

^DAOD 

^ACC 


200 

ns 

> 

II 

iiij 

lo 

II 

im 

lo 

CE i to data output time 

^DCOD 

^CE 


200 

ns 

—I 

> 

II 

ILU 

lo 

OE i to data output time 

^DOOD 

tOE 


75 

ns 

_J 

> 

II 

im 

lo 

Data hold time from OE t 

tHCOD 

^DF 

0 

60 

ns 

_i 

> 

lo 

Data hold time from address 

^HAOD 

tOH 

0 


ns 

> 

II 

|UJ 

lo 

II 

ILU 

lo 

* Corresponding symbols of the ^PD27C256A. 






AC Programming Characteristics (PROM Mode) 

Ta = 25 ±5°C, Vss = 0 V 





Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Condition 

PROM mode setup time 

tSMA 



10 

/JS 
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PROM Timing Diagrams 
PROM Write/Verify Mode 



(1) Vqqp must be applied before applying Vpp. It should be removed before removing Vpp. 

(2) Vpp must not exceed -f13V, including overshoot. 

83YL-9382B(a^93) 
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NEC 


PROM Timing Diagrams (cont) 
PROM Read Mode 
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PPD78014Y Family 

|\| EC {JIIPD78011 BY/012BY/013Y/014Y/P014Y) 

NEC Electronics Inc. K-Serles Microcontrollers 

General Purpose With A/D Converter and I2C Bus 

Preliminary _September 1993 


Description 


Features 


The AiPD78011BY, /JPD78012BY, /iPD78013Y ^/PD78014Y, 
and /JPD78P014Y are members of NEC’s K-Serjes® of 
microcontrollers. The /./PD78014Y family Is a variation 
of the /iPD78014 family with the addition of an |2C bus 
mode In serial interface 0. These 8 -blt, single-chip 
microcontrollers feature an A/D converter, two serial 
interface ports, 8 -blt hardware multiply and divide 
Instructions, bit manipulation instructions, four banks 
of main registers, an advanced Interrupt handling fa¬ 
cility, and a powerful set of memory-mapped on-chIp 
peripherals. 

On-board data memory includes 512 or 1024 bytes of 
internal high-speed RAM plus 32 bytes of serial buffer 
RAM. Program memory options include 8 K, 16K, 24K, or 
32K bytes of mask ROM, or 32K bytes of UV EPROM or 
one-time programmable (OTP) ROM. 

The pPD78014Y family operates over a wide voltage 
range: 2.7 to 6.0 volts. Timing Is generated by two 
built-in oscillators. A main oscillator normally drives 
the CPU and most peripherals and at 10 MHz provides 
a minimum Instruction time of 0.4 /jsec. A subsystem 
oscillator at 32.768 kHz provides time keeping, and 
optionally a slow clock for the CPU. Since CMOS power 
dissipation is directly proportional to clock rate, the 
/iPD78014Y family provides a software variable CPU 
clock. The HALT and STOP modes are two additional 
power saving features that turn off parts of the micro¬ 
controller to reduce power consumption. A data reten¬ 
tion mode permits RAM contents to be saved down to 2 
volts. 

The range of peripherals. Including an A/D converter, 
timers, and two serial ports (one with an IC 2 bus 
Interface) makes these devices Ideal for applications in 
portable battery-powered equipment, office automa¬ 
tion, comunicatlons, consumer electronics, home ap¬ 
pliances, and fitness equipment. 


K-Series is a registered trademark of NEC Electronics, Inc. 

Purchase of NEC |2C components conveys a license under the Philips 
i^C Patents Rights to use these components in an I^C system, 
provided that the system conforms to the |2C standard specification 
as defined by Philips. 


□ Eight-Channel 8-bit A/D converter 

— Operates from 2.7 to 6.0 V 

□ Two-channel serial communication Interface 

— 8 -blt clock-synchronous Interface 0 
|2C bus mode 

Full-duplex, three-wire mode 
NEC serial bus interface (SBI) mode 
Half-duplex, two-wire mode 

— 8 -bit clock-synchronous interface 1 
Full-duplex, three-wire mode with automatic 

transmit/receive 
Half-duplex, two-wire mode 

□ Timers 

— Watchdog timer 

— 16-bit timer/event counter 

— Two 8 -bit timer/event counters usable as one 
16-bit timer event/counter 

— Clock (watch) timer (time of day tick from either 
oscillator) 

□ 53 I/O lines 

— Two CMOS input-only lines 

— 47 CMOS I/O lines 

— Four n-channel, open-drain I/O lines at 15 V 
maximum 


3d 


□ I/O port pul I up resistors 

— Software controllable on 47 lines 

— Mask option on four lines on ROM version 

□ Program memory 

—/iPD78011BY: 8 K bytes ROM 
—)l/PD 78012BY: 16K bytes ROM 
—/:iPD78013Y: 24K bytes ROM 
—pPD78014Y: 32K bytes ROM 
—/iPD78P014Y: 32K bytes EPROM/OTP 

□ Internal high-speed data memory (RAM) 
—/iPD78011 BY/012BY: 512 bytes 

—AiPD78013Y/014Y/P014Y: 1024 bytes 

□ Specialized memory 

— Serial buffer RAM: 32 bytes 

□ External memory expansion 

— 64K bytes total memory space 

□ Powerful instruction set 

— 8 -bit unsigned multiply and divide 

— 16-bit arithmetic and data transfer instructions 

— 1 -bit and 8 -bit logic instructions 


50606 
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Features (cont) 

° Minimum instruction times: 

— 0.4/0.8/1.6/3.2/6.4/iS program selectable using 
10-MHz main system clock 

—122 ps selectable using 32.768-kH2 subsystem 
clock 

□ Memory-mapped on-chip peripherals (special 
function registers) 

□ Programmable priority, vectored-Interrupt 
controller (two levels) 

□ Buzzer and clock outputs 

□ Power saving and battery operation features 
—Variable CPU clock rate 

— HALT mode 
—STOP mode 

— 2-V data retention mode 

— CMOS operation; Vdd from 2.7 to 6.0 V 

Ordering Information_ 


Part Number 

ROM 

/iPb78011BYCW-xxx 

8 K mask ROM 

^/PD78012BYCW-xxx 

16K mask ROM 

/iPD78013YCW-xxx 

24K mask ROM 

/iPD78014YCW-xxx 

32K mask ROM 

/iPD78P014YCW 

32K OTP ROM 

/iPD78011BYGC-XXX-AB8 

8 K mask ROM 

/iPD78012BYGC-xxx-AB8 

16K mask ROM 

iuPD78013YGC-XXX-AB8 

24K mask ROM 

/iPD78014YGC-XXX-AB8 

32K mask ROM 

/iPD78P014YGC-AB8 

32K OTP ROM 

/iPD78P014YDW 

32K UV EPROM 


Notes: 

(1) XXX indicates ROM code suffix 

(2) All devices listed are standard quality grade 
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Package 

64-pin plastic shrink DIP 


Package Drawing 

P64C-70-750 A, C 



64-pin plastic QFP 


P64GC-80-AB8-2 


64-pin ceramic shrink DIP w/window 


P64DW-70-750 A 
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Pin Configurations 


64-Pin Plastic or Ceramic Shrink DIP 


P2{/SI1 C 

[T-W 

64 

□ AVref 

P2i/S01 C 

2 

63 

□ AVdd 

P 22 ^SCKi C 

3 

62 

11 P 17 /ANI 7 

P 23 /STB C 

4 

61 

□ P16MNI6 

P 24 /BUSY C 

5 

60 

□ PI 5 /ANI 5 

P25/SDA(ySI(ySB0 c 

6 

59 

□ PI 4 /ANI 4 

P2@/SDA1/S0<ySB1 c 

7 

58 

□ PI 3 /ANI 3 

P27/SCLySCK0 c 

8 

57 

□ PI 2 /ANI 2 

P3(/TOO C 

9 

56 

□ PI 1 /ANII 

P3i/T01 C 

10 

55 

□ PIq/ANIO 

P32/T02 t: 

11 

54 

Havss 

P 33 /TII C 

12 

53 

□ P 04 /XT 1 

P34/ri2 C 

13 

52 

□ XT2 

P 35 /PCL c 

14 

51 

3 ic(vpp) 

P36/BUZ C 

15 

50 

□ XI 

P37 C 

16 

49 

□ X2 


17 

48 

^ Vdd 

P4o/ADo C 

18 

47 

□ P 03 /INTP 3 

P4i/AD-| C 

19 

46 

□ P02^INTP2 

P42/AD2 C 

20 

45 

□ PO 1 /INTPI 

P 43 /AD 3 C 

21 

44 

□ PO(/iNTPorrio 

P 44 /AD 4 C 

22 

43 

□ RESET 

P 45 /AD 5 C 

23 

42 

□ P 67 /ASTB 

P46/ADe C 

24 

41 

□ P 66 /WAIT 

P 47 /AD 7 C 

25 

40 

□ P 65 /WR 

PSq/As C 

26 

39 

□ P 64 /RD 

PSi/Ag C 

27 

38 

□ P 63 

P52/A10 c 

28 

37 

□ P 62 

P 53 /A 11 C 

29 

36 

□ P 61 

P54/A12 c 

30 

35 

□ P 60 

P 55 /A 13 c 

31 

34 

□ P 57 /A 15 


32 

33 

□ P5e^Ai4 

Note: 

Connect IC (Internally Connected) Pin 
(Vpp on JIPD78P014Y) to Vss- 


e3RD-9451A (8r93) 
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Pin Configurations (cont) 


64-Pin Plastic QFP 




2 S S S! ‘ 

..n I 


r- N CD lO 't « 

02CU. ZZ2ZZ 

SOOT}^q|<<<< 

ijr S’> > > > > > 

Q.{L<<Q.Q.Q.a.Q. 

nnnnnnnnn 


PSq/TOO 

P31/T01 

P32/T02 

P33/ni 

P34/n2 

P 35 /PCL 

P36/BUZ 

P37 

vss 

P4(yADo 

P4i/ADi 

P42/AD2 

P43^AD3 

P44/AD4 

P45^AD5 

P46^AD6 


64 63 62 61 60 69 58 57 56 55 54 53 52 51 50 49 

^ O 


2 

d3 
C 4 
C 5 
C 6 
C 7 
C 8 
C 9 
C 10 
C 11 
qi2 

13 


17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 


□ Pli/ANII 

□ PIq/ANIO 

□ AVsS 

□ PQ 4 /XTI 

□ XT2 

□ «C(Vpp) 

□ XI 

□ X2 

□ Vdd 

□ P03^INTP3 

□ PO 2 /INTP 2 

□ PO 1 /INTPI 

□ P0(/INTP0/T10 

□ RESET 

□ P 67 /ASTB 

□ PSe/WAIT 


N 00 0> O 
Q S? $ -T 
^ P ^ ^ 
N JP iP 


uulIuiJ'uLjuUUUiJ 

;:?!««?“2<g><5'cg' c?l9 

S’5- 


'I'l 


CL a. Q. a. 


Note: 

Connect 1C (Internally Connected) Pin 
(Vpp on |xPD78P014Y) to VsS- 


83RD-9438B (8/93) 


4 




NEC 


PPD78014Y Family 


Pin Functions; Normal Operating Mode 

Symbol 

First Function 

Symbol 

Alternate Function 

POo 

Port 0 ; 5-bit, bit selectable I/O port 

INTPO 

External maskable interrupt 


(Bits 0 and 4 are input only) 

TIO 

External count clock input to timer 0 

P01 


INTP1 

External maskable interrupt 

P 02 


INTP2 


P 03 


INTP3 


P 04 


XT 1 

Crystal oscillator or external clock input for 
subsystem clock 

P 10 -P 17 

Port 1; 8 -bit, bit-selectable I/O port 

ANI0-ANI7 

Analog input to A/D converter 

P 2 o 

Port 2; 8 -bit, bit-selectable I/O port 

SI1 

Serial data input three-wire serial I/O mode 

P2i 


S01 

Serial data output three-wire serial I/O mode 

P22 



Serial clock I/O for serial interface 1 

P23 


STB 

Serial interface automatic transmit/receive 
strobe output 

P 24 


BUSY 

Serial interface automatic transmit/receive busy 
input 

P25 


SIO 

Serial data input three-wire serial I/O mode 



SBO 

2/3-wire serial I/O mode 



SDAO 

Serial data bus 0 for |2C bus mode 

P 26 


SOO 

Serial data output three-wire serial I/O mode 



SB1 

2/3-wire serial I/O mode 



SDA1 

Serial data bus 1 for I^C bus mode 

P27 


SCKO 

Serial clock I/O for serial interface 0 



SOL 

Serial clock I/O for I^C bus mode 

P3o 

Port 3; 8 -bit, bit-selectable I/O port 

TOO 

Timer output from timer 0 

P3i 


T01 

Timer output from timer 1 

P32 


T02 

Timer output from timer 2 

P33 


TI1 

External count clock input to timer 1 

P34 


TI2 

External count clock input to timer 2 

P35 


POL 

Programmable clock output 

P36 


BUZ 

Programmable buzzer output 

P37 


— 


P4o-P47 

Port 4; 8 -bit I/O port 

ADq - AD 7 

Low-order 8 -bit multiplexed address/data bus 
for external memory 

P5o-P57 

Port 5; 8 -bit, bit selectable I/O port 

As - Ai5 

High-order 8 -bit address bus for external 
memory 

CO 

<D 

CL 

0 

CO 

OL 

Port 6 ; 8 -bit, bit selectable (PSq to P 63 n- 

— 


P 64 

channel open-drain I/O with mask option pullup 
resistors (P 64 - P 67 I/O). See note. 


External memory read strobe 

P65 

WR 

External memory write strobe 

PSg 



External memory wait signal input 

P 67 


ASTB 

Address strobe used to latch address for 
external memory 


3d 
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Pin Functions; Normai Operating Mode (cont) 



Symbol First Function 

Symbol 

Alternate Function 


RESET External system reset input 


X1 

Crystal/ceramic reaonator connection or 
external clock Input for main system clock 

X2 

Crystal/ceramic resonator connection or 

Inverse of external clock for main system clock 

XT2 

Crystal oscillator or left open when using 
external clock for subsystem clock 

AVref 

A/D converter reference voltage 

AVdd 

A/D converter power supply input 

AVss 

A/D converter ground 

Vdd 

Power-supply input 

Vpp 

/iPD78P014Y PROM programming power- 
supply input 

Vss 

Power-supply ground 

IC 

Internal connection 


Note: See table 2 and figure 4 for details 
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Block Diagram 


TOO/P30 - 
TKVINTPCyPOo - 


SDACV 

SI0/SB0/P25 , 
SDA1/ 

SO(ySB1/P26 ^ 

SCL/SCK0^27 - 

SI1/P20 - 
S01/P21 - 
SCKi/P22 - 
STB^ 23 - 
BUSY/P24 - 

ANKVPIo- r 
ANI7/PI7 L 
AVdd - 
AVss- 
AVref- 

INTP(yPOo- r 
INTP 3 /PO 3 L 


ie-blt Tlmef/ 
Event Counter 0 


8 -bit Timer/ 
Event Counter 1 


8 -blt Timer/ 
Event Counter 2 


I Watchdog Timer k 


I Serial Interface OK 


Interrupt 

Controller 


Program Counter 


Internal 

Program Memory 
(ROM/PROM) 
Motel 



General Reg. 

internal 
Data Memory 
(RAM Memory) 
Motel 




Buzzer 

Programmable 

Clock Generator 

Standby 

Output 

Clock Output 

Divider gjjb 

Control 


BUZ/P36 PCLyP 35 PO 4 /XTI XT2 X 1 X 2 


Notes: 

(1) The Internal ROM and RAM size depends on the device. 

(2) Pin name In parentheses for the fPD 78P014Y only. 


oE^ 2 i]o 

C>[ Port 2 ]0 P20-P27 
P30-P37 

o[ Port 4 ]0 ’’^*7 
P50-P57 

O I l O '^'^7 



AD(/P4o- 

AD 7 /P 47 

As/PSq- 

^5/P57 

RDIPe^ 

WWP 65 

wAPf/pee 

ASTB/P 67 


RESET Vdd Vss IC 
(Vpp) 
Note 2 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit 

The central processing unit (CPU) of the /iPD78014Y 
family features 8- and 16-bit arithmetic including an 8x 
8 -bit unsigned multiply and 16 x 8-bit unsigned divide 
(producing a 16-bit quotient and an 8-bit remainder). 
The multiply executes in 3.2 fjs and the divide in 5 fjs 
using the fastest clock cycle with a main system clock 
of 10 MHz. 

A CALLT vector table and a CALLF area decrease the 
number of bytes In the call instructions for commonly 
used subroutines. A 1-byte call Instruction can access 
up to 32 subroutines through their addresses con¬ 
tained In the CALLT vector table (40H to 7FH). A 2-byte 
call instruction can access any routine beginning In a 
specific CALLF area (0800H to OFFFH). 


Internal System Clock Generator 

The Internal system clocks of the /iPD78014Y family are 
derived from either the main system or the subsystem 
oscillator. See figure 1. The clocks for the clock timer 
and programmable clock output are derived from either 
the subsystem clock (fxj) or the main system clock. The 
clocks for all other peripheral hardware are derived 
from the main system clock. 

The CPU clock (0) can be supplied from either the main 
system clock (fx) or the subsystem clock (fxj)* Using 
the processor clock control register (PCC), a CPU clock 
frequency equal to fx, fx/2, fx/4, fx/8, fx/16 or the sub¬ 
system clock fxT can be selected. The CPU clock 
selected should be based on the power supply voltage 
available and the desired power consumption. On 
power up, the CPU clock defaults to the lowest speed 
from the main system clock and can be changed while 
the microcontroller Is running. 


Figure /. internal System Clock Generator 


From 

PCC 



8 






fiPD78014Y Family 


Since the shortest instruction takes four CPU clocks to 
execute, the fastest minimum instruction execution 
time (tcv) 0-4 /is is achieved when using a main 
system clock at 10 MHz (Vqd equals 4.5 to 6.0 V). 
However, If the clock timer must generate an interrupt 
every 0.5 or 0.25 seconds, tcv is 0.48 ijs at 8.38 MHz. 
The fastest minimum Instruction execution time avail¬ 
able across the full voltage range of 2.7 to 6.0 V is 0.96 
/iS when using a main system clock of 8.38 MHz. For the 
lowest power consumption, the CPU can be operated 


from the subsystem clock and the minimum instruction 
execution time is 122 /iS at 32.768 kHz. 

Memory Space 

The /iPD78014Y family has a 64K-byte address space. 
Some of this address space (OOOOH-FFFFH) can be 
used as both program and data memory as shown In 
figure 2. 


Figure 2. Memory Map 


1 - Direct Addressing 

2-Register Indirect 
Addressing 

3 - Based Addressing 

4-Based Indexed 
Addressing 


1 - Relative 

Addressing 

2 - Immediate 

Addressing 

3-Table Indirect 
Addressing 

4 - Register 
Addressing 


Internal 

Program 

Memo7 

(ROlWPROM) 


Use 

Prohibited 


Interrupt Vector 
Address Table Area 

CALLT Table Area 


CALLF Entry 
Area 



Interned 

High-Speed 



j 

FEDFH 

; RAM 

Register 

i FEEOH 

General ~| 

Addressing ^ 

^ FEFFH 

Registers I 

SFR 

Addressing 

^ FFOOH 

' FFFFH 

Special 

Function 

Register 

(SFR) 


saddr Addressing 

FE20H 

General RAM 

A 

FEDFH 

FEEOH 

FEFFH 

General Registers 


FFOOH 

32 Bytes of 


^ FF1FH 

SFR Area 



Short Direct 
Addressing 
(256 bytes) 


Notes: 

(1) 1FFFHon|JiPD78011BY 
3FFFHonnPD78012BY 
5FFFHon|iPD78013Y 
7FFFH on HPD78014Y/P014Y 

(2) FCFFH on nPD78011Y/012Y 
FAFFH on nPD78013Y/014Y/P014Y 
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Internal Program Memory 

All devices in the /uPD78014Y family have internal pro¬ 
gram memory. TheiL/PD78011Y/012Y/013Y/014Y contain 
8 K, 16K, 24K, and 32K bytes of Internal ROM, respec¬ 
tively. The /iPD78P014Y contains 32K bytes of UV 
EPROM or one time programmable ROM. To allow the 
/iPD78P014Y to emulate the mask ROM devices, the 
amount of internal program memory available in the 
/iPD78P014Y can be selected using the memory size 
switching register (IMS). 

Internal RAM 

The //PD78011Y/012Y have 544 bytes and the 
/iPD78013Y/014Y/P014Y have 1056 bytes of Internal 
RAM. This Internal RAM consists of two types: high¬ 
speed Internal RAM and buffer RAM. 

The iuPD78011Y/012Y contain 512 bytes (FDOOH to 
FEFFH) while the ^PD78013Y/014Y/P014Y contain 1024 
bytes (FBOOH to FEFFH) of high-speed Internal RAM. 
The high-speed Internal RAM contains the general 
register banks and the stack. The remainder of the 
high-speed Internal RAM and any unused register bank 
locations are available for general storage. 

All devices also contain 32 bytes of buffer RAM (FACOH 
to FADFH). The buffer RAM is accessed at the same 
speed as external memory and is used as the buffer 
area for the automatic transfer mode of serial interface 
1 or for general storage. 

To allow the /iPD78P014Y to emulate the mask ROM 
devices, the amount of high-speed Internal RAM avail¬ 
able in the pPD78P014Y can also be selected using the 
IMS. 

External Memory 

The /iPD78014Y family can access 0, 256, 4K, 16K or all 
available bytes of external memory. The pPD78014Y 
family has an 8-bit wide external data bus and a 16-bit 
wide external address bus. The low-order 8 bits of the 
address bus are multiplexed and also provide the 8-bit 
data bus and are supplied by port 4. The high-order 
address bits of the 16-bit address bus are taken from 
port 5 as required. The a ddress latch, read, and write 
strobes, and the external WAIT signal are supplied by 
port 6. 

The memory expansion mode register (MM) controls 
the size of external memory. It can be programmed to 
use 0, 4, 6, or 8 bits from port 5 for the high-order 
address. Any remaining port 5 bits can be used for I/O. 
The MM register also can be used to specify one 


additional wait state or the use of the external WAIT 
signal for low-speed external memory or external pe¬ 
ripheral devices. 

When only internal ROM and RAM are used and no 
external memory is required, ports 4, 5 and 6 are 
available as general purpose I/O ports. 

CPU Control Registers 

Program Counter. The program counter is a 16-blt 
binary counter register that holds the address of the 
next instruction to be executed. During reset, the 
program counter is loaded with the address stored in 
locations OOOOH and 0001H. 

Stack Pointer. The stack pointer is a 16-bit register 
that holds the address of the last item pushed onto the 
stack. It Is decremented before new data is pushed 
onto the stack and incremented after data is popped 
off the stack. 

Program Status Word. The program status word 
(PSW) Is an 8-bit register that contains flags that are 
set or reset depending on the results of an instruction. 
This register can be written to or read from 8 bits at a 
time. The individual flags can also be manipulated on a 
bit-by-bit basis. The assignment of PSW bits follows. 


7 0 


IE 1 

_^_ 1 

Z 

RBS1 

AC 

RBSO 

0 

ISP 

CY 


CY Carry flag 

ISP In-service (interrupt) priority flag 

RBSO, RBS1 Register bank selection flags 
AC Auxiliary carry flag 

Z Zero flag 

IE Interrupt request enable flag 

General Registers 

The general-purpose registers (figure 3) consist of four 
banks of registers located at addresses FEEOH to 
FEFFH in Internal RAM. Each bank consists of eight 
8 -bit general registers that can also be used in pairs to 
function as four 16-bit registers. Two bits in the PSW 
(RBSO and RSB1) specify which of the register banks is 
active at any time and are set under program control. 

Registers have both functional names (like A, X, B, C, D, 
E, H or L for 8-bit registers and AX, BC, DE, and HL for 
16-bit registers) and absolute names (like R1, RO, R3, 
R2, R5, R4, R7, or R6 for 8-bit registers and RPO, RP1 
RP2, or RP3for 16-bit registers). Either the functional or 
absolute register names can be used in instructions 
that use the operand identifiers r and rp. 
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Figure 3. General Registers 


FEEOH 


Register 

Bank 

3 


For8-Blt 

Processing 


For 16-Blt 
Processing 


FEF9H 

(R1)A 

(R0)X 

FEF8H 

(RPO) AX 


{R3)B 

(R2)C 


(RP1) BC 


(R5)D 

(R4)E 


(RP2) DE 

FEFFH 

(R7)H 

(R6)L 

FEFEH 

(RP3) HL 


( ) = Absolute Name 


FEF8H 

FEFAH 

FEFCH 

FEFEH 


Addressing 

The program memory addressing (ROM) modes pro¬ 
vided are relative, immediate, table indirect and regis¬ 
ter addressing. The operand addressing modes pro¬ 
vided are implied, register, direct, short direct (saddr), 
special function (SFR), register indirect, based, based 
indexed, and stack addressing. 

The ‘SFR addressing’ and ‘saddr addressing’ modes 
use direct addressing, and require only 1 byte In the 
instruction to address RAM. Normally, a 65K byte ad¬ 
dress space requires 2 bytes to address it. One-byte 
addressing results in faster access times, since the 
instructions are shorter. SFR addressing addresses the 
entire 256-byte SFR address space from FFOOH to 
FFFFH. Saddr addressing (see figure 2) addresses the 
256-byte address space FE20H to FF1FH. FE20H to 
FEFFH are composed of 224 bytes of internal high 
speed RAM; FFOOH to FF1FH contain the first 32 bytes 
in the special function register area. 

One-byte addressing Is accomplished by using the first 
byte of the instruction for the opcode (and one oper¬ 
and if register A or AX is used) and the second byte of 
the instruction as an address (offset) into the 256-byte 
area. If register A or AX is used, the instructions are 2 
bytes long, thereby providing fast access times. If 


immediate data is used, the instruction will be 3 or 4 
bytes long depending upon whether the Immediate 
data is a byte or a word. Many 16-bit SFRs are in the 
space FFOOH to FF1FH. Using AX as an operand to 
these SFRs will provide fast access, since the instruc¬ 
tions will be only 2 bytes long. 

Special Function Registers 


3d 


The input/output ports, timers, capture and compare 
registers, and mode and control registers for both the 
peripherals and CPU are collectively known as special 
function registers. They are all memory-mapped be¬ 
tween FFOOH and FFFFH and can be accessed either 
by main memory addressing or by SFR addressing. 
FFOOH to FF1H can also be accessed using saddr 
addressing. They are either 8 or 16 bits as required, and 
many of the 8-blt registers are bit addressable. 

Locations FFDOH through FFDFH are known as the 
external SFR area Registers in external circuitry inter¬ 
faced and mapped to these addresses can only be 
addressed by main memory addressing. Table 1 lists 
the special function registers. 
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Table 1. Special Function Registers _ 

Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

FFOOH 

Port 0 

PO 

R/W 

X 

X 

— 

OOH 

FF01H 

Port1 

PI 

R/W 

X 

X 

— 

OOH 

FF02H 

Port 2 

P2 

R/W 

X 

X 

— 

OOH 

FF03H 

Port 3 

P3 

R/W 

X 

X 

- 

OOH 

FF04H 

Port 4 

P4 

R/W 

X 

X 

— 

Undefined 

FF05H 

Port 5 

P5 

R/W 

X 

X 

— 

Undefined 

FF06H 

Porte 

P6 

R/W 

X 

X 

— 

Undefined 

FF10H-FF11H 

Compare register 00 

CROC 

R/W 

— 

— 

X 

Undefined 

FF12H-FF13H 

Capture register 01 

CR01 

R 

— 

— 

X 

Undefined 

FF14H-FF15H 

16-bit timer register 

TMO 

R 

— 

— 

X 

OOH 

FF16H 

Compare register 10 

GRID 

R/W 

— 

X 

— 

Undefined 

FF17H 

Compare register 20 

CR20 

R/W 

— 

X 

— 

Undefined 

FF18H 

8-bit timer register 1 

TM1 

R 

X 

X 

— 

OOH 

FF19H 

8-bit timer register 2 

TM2 

R 

X 

X 

— 

OOH 

FF18H-FF19H 

8-bit timer registers 1 and 2 

TMS 

R 

— 

— 

X 

OOOOH 

FF1AH 

Serial I/O shift register 0 

SlOO 

R/W 

— 

X 

— 

Undefined 

FF1BH 

Serial l/O shift register 1 

SI01 

R/W 

— 

X 

— 

Undefined 

FF1FH 

A/D conversion result register 

ADCR 

R 

— 

X 

— 

Undefined 

FF20H 

Port mode register 0 

PMO 

R/W 

X 

X 

— 

1FH 

FF21H 

Port mode register 1 

PM1 

R/W 

X 

X 

— 

FFH 

FF22H 

Port mode register 2 

PM2 

R/W 

X 

X 

— 

FFH 

FF23H 

Port mode register 3 

PM3 

R/W 

X 

X 

— 

FFH 

FF25H 

Port mode register 5 

PM5 

R/W 

X 

X 

— 

FFH 

FF26H 

Port mode register 6 

PM6 

R/W 

X 

X 

— 

FFH 

FF40H 

Timer clock select register 0 

TCLO 

R/W 

X 

X 

— 

OOH 

FF41H 

Timer clock select register 1 

TCL1 

R/W 

— 

X 

— 

OOH 

FF42H 

Timer clock select register 2 

TCL2 

R/W 

— 

X 

— 

OOH 

FF43H 

Timer clock select register 3 

TCL3 

R/W 

— 

X 

— 

88H 

FF47H 

Sampling clock select register 

SCS 

R/W 

_ 

X 

— 

OOH 

FF48H 

16-bit timer mode control register 

TMCO 

R/W 

X 

X 

— 

OOH 

FF49H 

8-bit timer mode control register 

TMC1 

R/W 

X 

X 

— 

OOH 

FF4AH 

Watch (clock) timer mode control register 

TMC2 

R/W 

X 

X 

— 

OOH 

FF4EH 

16-bit timer output control register 

TOCO 

R/W 

X 

X 

— 

OOH 

FF4FH 

8-bit timer output control register 

TOC1 

R/W 

X 

X 

— 

OOH 

FF60H 

Serial operating mode register 0 

CSIMO 

R/W 

X 

X 

— 

OOH 

FF61H 

Serial bus interface control register 

SBIC 

R/W 

X 

X 

— 

OOH 

FF62H 

Slave address register 

SVA 

R/W 

— 

X 

— 

Undefined 

FF63H 

Interrupt timing specify register 

SINT 

R/W 

X 

X 

— 

OOH 

FF68H 

Serial operation mode register 1 

CSIM1 

R/W 

X 

X 

— 

OOH 

FF69H 

Automatic data transmit/receive control register 

ADTC 

R/W 

X 

X 

— 

OOH 
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Table 1. 

Special Function Registers (cent) 







Address 

Register (SFR) 

Symbol 

R/W 

Access Units (Bits) 

1 8 16 

State After Reset 

FF6AH 

Automatic data transmit/receive address pointer 
register 

ADTP 

R/W 

— 

X 

— 

OOH 

FF80H 

A/D converter mode register 

ADM 

R/W 

X 

X 

— 

01H 

FF84H 

A/D converter input select register 

ADIS 

R/W 

— 

X 

— 

OOH 

FFDOH- 

FFDFH 

External SFR access area(Note 1) 

— 

R/W 

X 

X 

— 

Undefined 

FFEOH 

Interrupt request flag register L 

IFOL 

R/W 

X 

X 

- 

OOH 

FFE1H 

Interrupt request flag register H 

IFOH 

R/W 

X 

X 

— 

OOH 

FFEOH- 

FFE1H 

Interrupt request flag register 

IFO 

R/W 

— 

— 

X 

OOOOH 

FFE4H 

Interrupt mask flag register L 

MKOL 

R/W 

X 

X 

— 

FFH 

FFE5H 

Interrupt mask flag register H 

MKOH 

R/W 

X 

X 

— 

FFH 

FFE4H- 

FFE5H 

Interrrupt mask flag register 

MKO 

R/W 

— 

— 

X 

FFFFH 

FFE8H 

Priority order specify flag register L 

PROL 

R/W 

X 

X 

— 

FFH 

FFE9H 

Priority order specify flag register H 

PROH 

R/W 

X 

X 

— 

FFH 

FFE8H- 

FFE9H 

Priority order specify flag register 

PRO 

R/W 

— 

— 

X 

FFFFH 

FFECH 

External interrupt mode register 

INTMO 

R/W 

_ 

X 

— 

OOH 

FFFOH 

Memory size switch register (Note 2) 

IMS 

W 

- 

X 

— 

C8H 

FFF6H 

Key return mode register 

KRM 

R/W 

X 

X 

— 

02H 

FFF7H 

Pullup resistor option register 

PUO 

R/W 

X 

X 

— 

OOH 

FFF8H 

Memory expanded mode register 

MM 

R/W 

X 

X 

— 

10H 

FFF9H 

Watchdog timer mode register 

WDTM 

R/W 

X 

X 

— 

OOH 

FFFAH 

Oscillation stabilization time select register 

OSTS 

R/W 

— 

X 

— 

04 H 

FFFBH 

Processor clock control register 

PCC 

R/W 

X 

X 

- 

04 H 


Notes: 

(1) The external access area cannot be accessed using SFR address¬ 
ing. It can only be accessed using main memory addressing. 

(2) /jPD78P014Yonly. 
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Input/Output Ports 

The /iPD78014Y family has up to 53 port lines. Table 2 
lists the features of each port and figure 4 shows the 
structure of each port pin. 


Table 2. Digital Port Functions 


Port 

Operational Features 

Configuration 

Direct Drive Capability 

Software Pullup Resistor Connection 
(Note 1) 

Port 0 (Note 2) 

5-bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 1 

8-bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 2 

8-bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 3 

8-bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 4 

8-bit input or output 

Byte selectable 


Byte selectable, input bits only 

Port 5 

8-bit input or output 

Bit selectable 

LED 

Byte selectable, input bits only 

Port 6 

8-bit input or output 
(P60 - P63 n-channel) 

Bit selectable 

15 V max (PSq - P63) 

Byte selectable, input bits only 

P60 - P63 - mask option only (Note 3) 

P64 - P67 - software 


Notes: 

(1) Software pullup resistors can be internally connected only (on a 
port-by-port basis) to port bits set to input mode. Pullup resis¬ 
tors are not connected to port bits set to output mode. 

(2) POq and PO4 are input only and do not have a software pullup 
resistor. 

(3) All devices except/iPD78P014Y. 
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Figure 4. Pin input/Output Circuits (cent) 










PPD78014Y Family 


Analog-to-DIgital (A/D) Converter 

The|iPD78014Y family A/D converter (seefigure 5) uses 
the successive-approximation method for converting 
one of eight multiplexed analog inputs into 8-bit digital 
data The conversion time per input Is 19.1 /is at 8.38 
MHz operation. 

The A/D converter input select register (ADIS) selects 
the number of inputs that are used in A/D conversion. 
The remaining inputs are used as ports. The A/D input 
to be converted Is selected by programming the A/D 


converter mode register (ADM). A/D conversion is 
started by external interrupt INTP3, or by writing to the 
ADM. When the conversion is completed, the results are 
stored in the A/D conversion result register (ADCR) and 
an INTAD Interrupt Is generated. 

If the A/D converter was started by an external inter¬ 
rupt, the A/D converter stops after the Interrupt is 
generated. If the A/D converter was started by soft¬ 
ware, the A/D converter repeats the conversion until 
new data is written to the ADM register. 


Figure 5. A/D Converter 


A/D Converter Input 
Select Register (ADIS) 


ANIO/PIq -> 

ANII/PI1 

ANI2/PI2 -> 

ANI3/PI3 ^ W 
Selector 

ANI4/PI4 -> (1) 

ANI5/PI5 -> 

ANie/Pie -> 

ANI7/P17 ->l_ 

(note 1) 


Sample and 
Hold Circuit 

I-1 

-Lo'Nj -f-1- 


L_I 


Resistor String 


Voltage 

Comparator 


Successive Approximation 
Register (SAR) 


INTP3/PO3 ■ 


Falllna Edae 

Detector 

Conversion Trigger 

■■ Y I,. 

^ Control 


-LJ 

Circuit 



Trigger Ertable 

To Input Selector (2) 


A/D Converter Mode 
Register (ADM) 


A/D Conversion Result 
Register (ADCR) 


Notes: 

(1) Selects number of port 1 inputs to be used for A/D conversion. 

(2) Selects the channel for A/D conversion. 
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Serial interfaces 

The iLiPD78014Y family has two independent serial In¬ 
terfaces: serial interface 0 and serial Interface 1. 

Serial Interface 0. Serial Interface 0 is an 8-blt clock 
synchronous serial interface (figure 6). It can be oper¬ 
ated in either a three-wire serial I/O mode, NEC serial 
bus Interface (SBI) mode, two-wire serial I/O mode, or 
|2C bus mode. The serial clock can be provided from 
one of eight internal clocks, the ou tput o f 8-bit timer 
register 2, or the external clock line SCKO (SOL for |2C 
bus mode). 


In the three-wire serial I/O mode, the 8-blt shift register 
(SlOO) is loaded with a byte of data and eight clock 
pulses are generated. The falling edge of these eight 
pulses shifts the byte of data out of the SOO line (either 
MSB or LSB first) while the rising edge of these pulses 
shifts the data In from the SIO line providing full-duplex 
operation. The INTCSIO interrupt is generated after 
each 8-bit transfer. 

The NEC SBI mode Is a two-wire high-speed proprietary 
serial interface available on most devices in the NEC 
/iPD75xxx and /iPD78xxx product lines. Devices are 
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connected in a master/slave configuration (see figure 
7). There is only one master device at a time; all others 
are slaves. The master sends addresses, commands, 
and data over one of the serial bus lines (SBO or SB1) 
using a fixed hardware protocol synchronized with the 
SCKO line. Each slave device of the /iPD78014Y family 
can be programmed to respond in hardware to any one 
of 256 addresses set in its slave address register (SVA). 
There are also 256 commands and 256 data types. 
Since ail commands are user definable, many software 
protocols, simple or complex, can be defined. It is even 
possible to develop commands to change a slave into a 
master and the previous master into a slave. 


Figure 7 . SBI Mode Master/Siave Configuration 



The two-wire serial I/O mode provides half-dupl ex op- 
eratlon using either the SBO or SB1 line and the SCKO 
line. Communication format and handshaking can be 
handled in software by controlling the output levels of 
the data and clock lines between transfers. When the 
8-bit shift register (SlOO) is loaded with a byte of data, 
eight clock pulses are generated. The falling edge of 
these eight pulses shifts the byte of data out of either 
the SBO or SB1 line MSB first. In addition, this byte of 
data is also shifted back Into SlOO on the rising edge of 
these pulses providing a way of verifying that the 
transmission was correct. 

For data reception, the SlOO register Is preloaded with 
the value FFH. As this data value is shifted out on the 
falling edge of the serial clock, it disables then-channel 
open-drain driver. This allows the receive data to be 


driven on to the serial line and shifted into the SlOO 
register on the rising edge of the serial clock. The 
INTCSIO Interrupt is generated after each 8-bit transfer. 

The |2C bus is a two-wire, high-speed serial bus devel¬ 
oped by Philips. The |2C bus configuration has a single 
master and up to 128 slave devices (see figure 8). The 
master sends the start condition, 7-bit slave address, 
one bit indicating the direction of the upcoming data 
transfer, and the stop condition over one of the serial 
bus lines (SDAO or SDA1) using a fixed hardware 
protocol synchronized with the output of the serial 
clock line (SCL). 


Each slave device of the )l/PD 78014Y family can be 
programmed to respond in hardware to any of 128 
addresses set in Its SVA. Depending on the state of the 
transfer direction bit, either the master or the slave 
device places additional data on the |2C bus. The 
device receiving the data returns an acknowledge sig¬ 
nal each time it receives 8 bits of data. The slave device 
can also notify the master device when it is busy by 
holding SCL low. 



Figure 8. i^C Bus Master/Sla ve Configuration 


Master CPU Slave CPU1 
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Serial Interface 1. Serial interface 1 is also an 8-blt 
clock synchronous serial Interface (figure 9). It can be 
operated In either a three-wire serial I/O mode, or 
three-wire serial I/O mode with automatic transmit/ 
receive. The serial clock can also be provided from one 
of eight Internal clocks (common clock for both inter¬ 
faces), the output of 8 -bit timer register 2, or the 
external clock line SCK1. 


Figure 9. Serial interface 1 
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In the three-wire serial I/O mode, the 8-bit shift register 
(SI01) is loaded with a byte of data and eight clock 
pulses are generated. The falling edge of these eight 
pulses shifts the byte of data out of the S01 line (either 
MSB or LSB first) while the rising edge of these pulses 
shifts the data in from the SI1 line providing full-duplex 
operation. The INTCSI1 interrupt is generated after 
each 8-bit transfer. 

In the three-wire serial I/O mode with automatic 
transmit/receive, up to 32 bytes of data can be trans¬ 
ferred with minimal CPU overhead. The data to be 
transmitted and received is stored in the buffer RAM. 
Handshaking using either the BUSY input line, the 
strobe (STB) output line, or both, can be selected by 
the program. Error detection of bit drift due to noise is 
available for each byte transferred when using the 
BUSY input line. This automatic transmit/receive mode 
is ideally suited for transferring data to/from external 
peripheral devices such as onscreen display (OSD) and 
LCD controller/driver devices. 


While In three-wire serial interface mode with auto¬ 
matic data transfer, the interface can be operated as 
either a full-duplex interface or a transmit-only inter¬ 
face in single or repetitive operation mode. In the full- 
duplex mode, a byte of data is transferred from the first 
location in the buffer RAM and shifted out of the S01 
line (either MSB or LSB first) while the received data is 
shifted into the SI1 line and stored back in the first 
buffer location. After the preset number of bytes has 
been transferred, the INTCSI1 Interrupt is generated. 

In single-operation transmit mode, the preset number 
of bytes from the buffer RAM are transmitted out of the 
S01 line (either MSB or LSB first) and the INTCSI1 
Interrupt Is generated after all bytes are transferred. In 
the repetitive operation transmit mode, data in the 
buffer is transmitted repeatedly. 


3d 
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Timers 

The /iPD78014Y family has one 16-bit timer/event 
counter, two 8-bit timer/event counters that can be 
combined for use as a 16-bit timer/event counter, a 
clock timer, and a watchdog timer. All of these can be 
programmed to count a number of prescaled values of 
the main system clock. In addition, the clock timer can 
also count the subsystem clock. All of the timer/event 
counters can count external events. 

16-Bit Timer/Event Counter 0. Timer/event counter 0 
(figure 10) consists of a 16-bit counter (TMO), a 16-bit 
compare register (CROO), a 16-bit capture register 
(CR01), and a timer output (TOO). Timer 0 can be used 
as an interval timer, to count external events on the 
timer Input (TIO) pin, to output a programmable square 
wave, a 14-bit pulse width modulated output, or to 
measure pulse widths. 

Figure 10. 16-Bit Timer/Event Counter 0 
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8-Bit Timer/Event Counters 1 and 2. Timer/event 
counters 1 and 2 (figure 11) each consist of an 8-bit 
timer (TM1 or TM2), an 8-bit compare register (CR10 or 
CR20), and timer output control logic (T01 orT02). The 
timers are controlled by registers TCL1, TMC1, and 
TOC1 via five selectors. Timer/event counters 1 and 2 
can each be used as an 8-blt Interval timer, to count 
external events on the timer input pins (Til orTI2), or to 
output a programmable square wave. In addition, tim¬ 
ers 1 and 2 also can be combined as a 16-bit timer/ 
event counter and used as a 16-bit interval timer, to 
count external events on Til, or to output a program¬ 
mable square wave on T02. 


Figure 11. 8~Bit Timer/Event Counters 1 and 2 
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Clock Timer 3. Clock timer 3 (figure 12) is a 5-bit timer 
that can be used as a time source to keep track of time 
of day, to release the STOP or HALT modes at regular 
intervals, or to initiate any other task that must be 
performed at regular Intervals. When driven by the 
subsystem clock, the clock timer continues to operate 
in the STOP mode. The clock timer can function as 
both an interval timer and a clock timer simultaneously. 
When used as an interval timer, vectored interrupt 
request INTTM3 is generated at preselected time inter¬ 
vals. With a main system clock of 8.38 MHz or a 
subsystem clock of 32.768 kHz, the following time 
intervals can be selected: 489 ( js , 978 /iS, 1.96 ms, 3.91 
ms, 7.82 ms or 15.6 ms. 

When used as a clock timer, interrupt request INTWT 
(not a vectored interrupt) can be generated using the 
main system clock or subsystem clock every 0.5 or 0.25 
seconds. 

Watchdog Timer. The watchdog timer (figure 13) can 
be used as either a watchdog timer or an interval timer. 
When used as a watchdog timer, it protects against 
inadvertent program run-away. It can be selected to 
generate a nonmaskable interupt (INTWDT), which vec¬ 
tors to address 0004H, or to generate an Internal reset 


signal, which vectors to the restart address OOOOH if the 
timer is not cleared by the program before It overflows. 
Eight program-selectable intervals based on the main 
system clock are available. With a main system clock of 
8.38 MHz, the program selectable intervals are 0.489, 
0.978, 1.96, 3.91, 7.82, 15.6, 31.3, and 125 ms. Once the 
watchdog timer is initialized and started, the timer’s 
mode cannot be changed and the timer can only be 
stopped by an external reset. When used as an interval 
timer, maskable Interrupts (INTWDT), which vector to 
address 0004H, are generated repeatedly at a preset 
interval. The time Intervals available are the same as in 
the watchdog timer mode. 

Programmable Clock Output 

The /iPD78014Y family has a programmable clock out¬ 
put (PCL) that can be used for carrier output for remote 
controlled transmissions or as a clock output for pe¬ 
ripheral devices. The main system clock (fx) divided by 
8, 16, 32, 64, 128, or 256 or the subsystem clock (fxj) 
can be output on the PCL pin. Frequencies of 1050, 524, 
262, 131, 65.5 and 32.7 kHz are available with a main 
system clock of 8.38 MHz. See figure 14. 


Figure 12. Clock Timers 
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Figure 13, WatcMog Timer 
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Figure 14, Programmable Clock Output 
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Buzzer Output 

The/iPD78014Y family also has a programmable buzzer 
output (BUZ). The buzzer output frequency can be 
programmed to be equal to the main system clock (fx) 
divided by 1024, 2048, or 4096. With a main system 
clock of 8.38 MHz, the buzzer can be set to 8.2,4.1 or 2.0 
kHz. See figure 15. 


Figure IS, Buzzer Output 



Interrupts 

The /iPD78014Y family has 14 maskable hardware inter¬ 
rupt sources (5 external and 9 internal). Of these 14 
interrupt sources, 12 cause a vectored interrupt while 
the 2 testable inputs only generate an interrupt re¬ 
quest. All of the 14 maskable interrupts can be used to 
release the HALT mode except INTPO. INTPO cannot be 
used to release the STOP mode and cannot release the 
HALT mode when register SOS = 0. In addition, there is 
one nonmaskable Interrupt from the watchdog timer, 
one software interrupt, and a reset interrupt. The 
watchdog timer overflow interrupt (Interrupt vector 
table address 0004H) can be initialized to be a non¬ 
maskable interrupt or the highest default priority mask¬ 
able interrupt. The software interrupt, generated by the 
BRK instruction, is not maskable. See table 3 and figure 
16. 






fjPD78014Y Family 


Table 3. Interrupt Sources and Vector Addresses 


Type of 

Default 




Vector 

Interrupt 

Request 

Priority 

Signal Name 

Interupt Source 

Location 

Address Configuration 

Restart 

— 

RESET 

RESET input pin 

External 

OOOOH 

- 


— 

INTWDT 

Watchdog timer overflow 
(when reset mode selected) 

Internal 



Nonmaskable 

— 

INTWDT 

Watchdog timer overflow 

(when nonmaskable interrupt selected) 

Internal 

0004H 

A 

Maskable 

0 

INTWDT 

Watchdog timer overflow 
(when interval timer selected) 

Internal 

0004H 

B 


1 

INTPO 

External interrupt edge detection 

External 

0006H 

C 


2 

INTP1 

External interrupt edge detection 

External 

0008H 

D 


3 

INTP2 

External interrupt edge detection 

External 

OOOAH 

D 


4 

INTP3 

External interrupt edge detection 

External 

OOOCH 

D 


5 

INTCSIO 

End of clocked serial interface 0 transfer 

Internal 

OOOEH 

B 


6 

INTCSI1 

End of clocked serial interface 1 transfer 

Internal 

0010H 

B 


7 

INTTM3 

Clock timer reference time interval signal 

Internal 

0012H 

B 


8 

INTTMO 

16-bit timer/event counter coincidence signal 

Internal 

0014H 

B 


9 

INTTM1 

8-bit timer/event counter 1 coincidence signal 

Internal 

0016H 

B 


10 

INTTM2 

8-bit timer/event counter 2 coincidence signal 

Internal 

0018H 

B 


11 

INTAD 

End of A/D Conversion 

Internal 

001 AH 

B 

Software 

— 

— 

BRK instruction 

Internal 

003EH 

E 

Test input 

— 

INTWT 

Clock timer overflow 

Internal 

— 

F 


— 

INTPT4 

Port 4 falling edge detection 

External 

— 

F 


Interrupt Servicing. The /iPD78014Y family provides 
two levels of programmable hardware priority control 
and services all Interrupt requests, except the two 
testable interrupts (INTWT and INTPT4), using vectored 
interrupts. The programmer can choose the priority of 
servicing each maskable interrupt by using the inter¬ 
rupt control registers. 

Interrupt Control Registers. The jL/PD78014Y family 
has three 16-bit interrupt control registers. The inter¬ 
rupt request flag register (IFO) contains an interrupt 
request flag for each interrupt except INTPT4. The 
interrupt mask register (MKO) is used to enable or 
disable any interrupt except INTPT4. The priority flag 
register (PRO) can be used to specify a high or a low 
priority level for each interrupt except the two testable 
interrupts. 

Four other 8-bit registers are associated with interrupt 
processing. The key return mode register (KRM) con¬ 
tains the KRIF interrupt request flag associated with 


falling-edge detection on port 4 and the KRMK mask 
flag used to enable or disable clearing of the standby 
mode if a falling edge is detected on port 4. The 
external interrupt mode register (INTMO) is used to 
select a rising, falling, or both edges as the valid edge 
for each of the external interrupts INTPO to INTP2 
(INTP3 is always falling edge). The sampling clock 
select register (SCS) is used to select a sampling clock 
for the noise eliminator circuit on external interrupt 
INTPO. 

The IE and the ISP bit of the program status word are 
also used to control interrupts. If the IE bit is 0, all 
maskable interrupts are disabled. The IE bit can be set 
or cleared using the El and Dl instructions, respec¬ 
tively, or by directly writing to the PSW. The IE bit is 
cleared each time an interrupt is accepted. The ISP bit 
is used by hardware to hold the priority level flag of the 
interrupt being serviced. 
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Figure 16. Interrupt Configurations 
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Figure 16. Interrupt Configurations (cont) 


Type D: External maskable Interrupt (except INTPO) 
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Abbreviations: 
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Interrupt Priority. If the watchdog timer overflow inter¬ 
rupt (INTWDT) has been initialized to be a nonmask¬ 
able Interrupt, it has priority over all other interrupts. 
Two hardware-controlled priority levels are available 
for all maskable interrupts that generate a vectored 
interrupt (i.e., all except the two testable interrupts). 
Either a high or a low priority level can be assigned by 
software to each of the maskable Interrupts. Interrupt 
requests of the same priority or a priority higher than 
the processor’s current priority level are held pending 
until interrupts in the current service routine are en¬ 
abled by software or until one instruction has been 
executed after returning from the current service rou¬ 
tine. Interrupt requests of a lower priority are always 
held pending until one Instruction has been executed 
after returning from the current service routine. 

The default priorities listed in table 3 are fixed by 
hardware and are effective only when it is necessary to 
choose between two interrupt requests of the same 
software-assigned priority. For example, the default 
priorities would be used after the completion of a 
high-priority routine, If two interrupts of the same 
software priority were pending. 

The software Interrupt, initiated by the BRK Instruc¬ 
tion, is executed regardless of the processor’s priority 
level and the state of the IE bit. It does not alter the 
processor’s priority level. 

Vectored Interrupt Servicing. When a vectored Inter¬ 
rupt Is acknowledged, the program status word and 
the program counter are saved on the stack, the pro¬ 
cessor’s priority is set to that specified for the interrupt, 
the IE bit in the PSW is set to zero, and the routine 
whose address is In the Interrupt vector table Is en¬ 
tered. At the completion of the service routine, the RETI 
Instruction (RETB Instruction for the software inter¬ 
rupt) reverses the process and the /iPD78014Y family 
microcontroller resumes the interrupted routine. 

Standby Modes 

HALT, STOP, and data retention modes are provided to 
reduce power consumption when CPU action Is not 
required. 

The HALT mode Is entered by executing a HALT In¬ 
struction while the CPU is operating from the main 
system or subsystem clock. In HALT mode, the CPU 
clock is stopped while the main system and the sub¬ 
system clock continue to run. The HALT mode is re¬ 
leased by any unmasked interrupt request (except 
INTPO if register SCS = 0), a nonmaskable interrupt 
request, an unmasked test input, or an external reset 
pulse. 


Power consumption may be further reduced by using 
the STCP mode. The STOP mode is entered by execut¬ 
ing a STOP instruction while operating from the main 
system clock. In STOP mode, the main system clock 
input pin X1 is internally grounded stopping both the 
CPU and the peripheral hardware clock. The STOP 
mode is released by any unmasked interrupt request 
except INTPO, a nonmaskable interrupt request, an 
unmasked test input, or an external reset pulse. Any 
peripheral using the main oscillator as a clock source 
will also be disabled in the STOP mode and interrupts 
from such a peripheral cannot be used to exit the STOP 
mode. Table 4 summarizes both the HALT and STOP 
standby modes. 


Table 4. Standby Mode Operation Status 


Item 

HALT Mode 

STOP Mode 

Setting instruction 

HALT instruction 

STOP instruction 

System clock when 
setting 

Main system or 
subsystem clock 

Main system clock 

Clock oscillator 

Main system and 
subsystem clocks can 
oscillate; CPU clock is 
stopped. 

Subsystem clock can 
oscillate; CPU clock 
and main system 
clock are stopped. 

CPU 

Operation stopped 

Operation stopped 

Ports 

Maintain previous 
state 

Maintain previous 
state 

16-bit timer/event 
counter 

Operational from main 
system clock 

Operation stopped 

8-bit timer/event 
counters 

Operational from main 
system clock 

Operational only with 
Til and T12 as count 
clock 

Clock timer 

Operational from main 
system clock or with 
fxT as a count clock 

Operational only with 
fxT ss count clock 

Watchdog timer 

Operational from main 
system clock 

Operation stopped 

Serial interface 0 

Operational from main 
system clock 

Operational only with 
external clock 

Serial interface 1 

Operational from main 
system clock; no 
automatic transmit/ 
receive mode 

Operational only with 
external clock; no 
automatic transmit/ 
receive mode 

A/D converter 

Operational from main 
system clock 

Operation stopped 

External Interrupts 

Operational except for 
INTPO when its 
sampling,clock is 
based on the CPU 
clock 

INTPO not operational; 
1NTP1 to INTP3 
operational 
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When exiting the STOP mode, a wait time occurs before 
the CPU begins execution to allow the main system 
clock oscillator circuit to stabilize. The oscillator stabi¬ 
lization time Is selected by programming the OSTS 
register with one of the five values before entering the 
STOP mode. The values range from 0.98 msec to 31.3 
msec at fx = 8.38 MHz. 

Once in the STOP mode, power consumption can be 
further minimized by lowering the power supply volt¬ 
age Vdd to as little as 2 V. This places the device In the 
data retention mode. The contents of Internal RAM and 
the registers are retained. This mode is released by first 
raising Vqd to the proper operating range and then 
releasing the STOP mode. 


External Reset 

The /iPD78014Y family is reset by taking the RESET pin 
low or by an over flow of the watchdog timer (if en¬ 
abled). The RESET input pin Is a schmitt-trigger Input 
with hysteresis characteristics to protect against spu- 
rious sy stem resets caused by noise. On power-up, the 
RESET pin must remain low for a minimum of ^0fJS after 
the power supply reaches its operating voltage. 


There is no functional difference between an external 
reset and an internal reset caused by the overflow of 
the watchdog timer. In both cases, the main system 
clock oscillation Is stopped and the subsystem clock 
oscillation continues. During reset, the program 
counter is loaded with the address contained in the 
reset vector (addresses OOOOH, 0001H). Once the reset 
is cleared and the oscillation stabilization time of 
has elapsed, program execution starts at that address. 
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ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings 

Ta= -t-gs-c 


Supply voltage, Vqd 

-0.3 to +7.0 V 

Supply voltage, Vpp 

-0.3 to +13.5 V 

Supply voltage, AVqq 

-0.3to Vod+0.3 V 

Supply voltage, AVrep 

-0.3 to Vdd+0.3 V 

Supply voltage, AVss 

-0.3 to + 0.3 V 

Input voltage, V|-j (except PSq to 

P 63 ) 

-0.3 to Vdd+ 0.3 V 

Input voltage, V (2 (P 60 to P 63 ; open 
drain) 

-0.3 to +16 V 

Output voltage, Vq 

-0.3 to Vdd+ 0.3 V 

Analog input voltage. Van 
( port 1 ; analog input pin) 

AVss -0.3 toAVREF+0.3V 

Output current, high; Iqh 

Each output pin 

Total: ports 2 and 3 

Total: port 0 and ports 4 to 6 

-10 mA 
-15 mA 
-15 mA 

Output current, low, Iql t 

Each output pin 

Total: P4o to P 47 and 

P5oto PSs 

Total: PO^ to PO 3 , P 50 , P 57 , and 

PSq to P 67 

Total: PO-i to PO 3 and P 64 to P 67 
Total: ports 2 and 3 

30 mA peak, 15 mA rms 
100 mA peak, 70 mA rms 

100 mA peak, 70 mA rms 

50 mA peak, 20 mA rms 
50 mA peak, 20 mA rms 

Operating temperature, Tqpt 

-40 to +85“C 

Storage temperature, Tstg 

-65 to +150°C 


t rms value = peak value x (duty cycle) 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability: exceeding the ratings could cause perma¬ 
nent damage. The device should be operated within the limits 
specified under DC and AC characteristics. 


Capacitance 

Ta = +25°C; VpD = Vss = 0 V 


Parameter 

Symbol 

Max 

Unit 

Conditions 


Input 

capacitance 

C|N 

15 

pF 

Except P 60 
to P 63 

f = 1 MHz; 
unmeasured 



20 

PF 

P 6 q to P 63 

pins returned 
_ to ground 

Output 

capacitance 

CquT 

15 

pF 

Except P 60 
to P 63 




20 

pF 

P 60 to P 63 


Input/output 

capacitance 

C|o 

15 

pF 

Except P 60 
to P 63 




20 

pF 

P 60 to P 63 



Main System Clock Oscillator 


Ta = -40 to 4-85°C; VpD = 2.7 to 6.0 V; refer to figure 17. 


Type 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Ceramic resonator 

Oscillation frequency (Note 1 ) 

k 

1.0 


10.0 

MHz 

VpD = oscillator voltage range 

(Figure 17A) 

Oscillation stabilization time (Note 2) 




4.0 

ms 

After Vqq reaches oscillator operating voltage 

Crystal resonator 

Oscillation frequency (Note 1) 

fx 

1.0 

8.38 

10.0 

MHz 


(Figure 17A) 

Oscillation stabilization time (Note 2) 




10 

ms 

VpD = 4.5 to 6.0 V 






30 

ms 


External clock 

XI input frequency (Note 1 ) 

fx 

1.0 


10.0 

MHz 


(Figure 17B) 

XI input high/low-level width 

<XH. *XL 

50 


500 

ns 



Notes: 


( 1 ) Oscillator and X 1 input frequencies are included only to show the ( 2 ) Time required for the oscillator to stabilize after reset or STOP 
oscillator characteristics. Refer to the AC Characteristics table mode Is released. The values shown are for the recommended 

for actual instruction execution times. resonators. Values for resonators not shown in this data sheet 

should be obtained from the manufacturer’s specification sheets. 
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Subsystem Clock Oscillator 

Ta = -40 to +85°C: Vdd = 2.7 to 6.0 V; refer to figure 18. 

Type 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Crystal resonator 

Oscillation frequency (Note 1) 

fXT 

32 

32.768 

35 

kHz 


(Figure 18A) 

Oscillation stabilization time (Note 2) 


1.2 

2 

s 

Vdd = 4.5 to 6.0 V 






10 

s 


External clock 

XT1 input frequency (Note 1) 

fXT 

32 


100 

kHz 


(Figure 18B) 

XT1 input high/low-level width 

tXTH. ^TL 

5 


15 

jUS 



Notes: 


(1) The oscillator and XT1 Input frequencies are Included only to (2) Time required for the oscillator to stabilize after reset or STOP 
show the oscillator characteristics. Refer to the AC Characteris- mode is released. The values shown are for the recommended 

tics table for actual Instruction execution times. resonators. Values for resonators not shown in this data sheet 

should be obtained from the manufacturer’s specification sheets. 


Figure 17. Main System dock Configurations 


A. Ceramic/Crystal Resonator 



B. External Clock 



fiPD74HCU04 


Note: When the input is an external dock, the STOP 
mode can not be set because the XI pin is connected 
to system ground (V 39 ). 

83YL-fla66A 


Figure 18. Subsystem Clock Configurations 


A. Crystal Resonator 



B. External Clock 
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Recommended Main System Clock Ceramic Resonators 


Ta = -40 to 4-85°C, refer to figure 17A 


Part Number 

Recommended Circuit Constant 

Oscillator Voltage Range 

Frequency 

(Notes 1 and 2) 

Cl (pF) 

C2 (pF) 

R1 (kO) 

Min (V) 

Max (V) 

(MHz) ' 

CSB1000J 

100 

100 

6.8 

2.7 (Note 3) 

2.8 (Note 4) 

6.0 

1.00 

CSBxxxxJ 

100 

100 

4.7 

2.7 (Note 3) 

2.8 (Note 4) 

6.0 

1.01 to 1.25 

CSAX.XXXMK 

100 

100 

0 

2.7 (Note 3) 

2.8 (Note 4) 

6.0 

1.26 to 1.79 

CSAx.xxMG (Note 3) 

100 

100 

0 

2.7 

6.0 

1.8 to 2.44 

CSAx.xxMG093 ( Note 4) 

100 

100 

0 

2.7 

6.0 


CSTx.xxMG (Note 3) 

0 (Note 5) 

0 (Note 5) 


2.7 

6.0 


CSTx.xxMG093 (Note 4) 

0 (Note 5) 

0 (Note 5) 


2.7 

6.0 


CSAx.xxMG 

30 

30 

0 

2.7 

6.0 

2.45 to 4.18 

CSTx.xxMGW 

0 (Note 5) 

0 (Note 5) 

0 

2.7 

6.0 


CSAx-xxMG (Note 3) 

30 

30 

0 

2.7 

6.0 

4.19 to 6.00 

CSAX.XXMGU ( Note 4) 

30 

30 

0 

2.7 

6.0 


CSTx.xxMGW (Note 3) 

0 (Note 5) 

0 (Note 5) 

0 

2.7 

6.0 


CSTx.xxMGWU (Note 4) 

0 (Note 5) 

0 (Note 5) 

0 

2.7 

6.0 


CSAx.xxMT 

30 

30 

0 

2.7 (Note 3) 

3.0 (Note 4) 

6.0 

6.01 to 10.0 

CSTx.xxMTW 

0 (Note 5) 

0 (Note 5) 

0 

2.7 (Note 3) 

3.0 (Note 4) 

6.0 



Notes: 

(1) Manufactured by Murata Mfg. Co., Ltd. (4) /yPD 78P014Y only 


(2) x.xx indicates frequency (5) Cl and C2 are contained in the ceramic resonators. 

(3) /iPD7801xY only. 

Recommended Subsystem Clock Crystal Resonators (ftPD7801xY) 

Ta = -40 to +60°C, refer to figure 18A 

FrAqii<>nry Recommended Circuit constant Osciiiator Voitage Range 

Part Number f (kHz) C3 (pF) C4 (pF) R2 (k») Min (V) Max (V) 

DT-38 {1TA252 EOO, load capacitance 6.3 pF) 32.768 12 12 100 2.7 6.0 

t Manufactured by Daishinku 
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jifPD78014Y Family 


DC Characteristics 

Ta == -40 to +85°C; Vqq = +2.7 to 6.0 V; refer to figures 19-25 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

High-level input voltage 

V|H1 

0.7 Vdd 


Vdd 

V 

Other than below 


V|H 2 

0.8 Vdd 


Vdd 

V 

POo to PO 4 , P2o, P 22 , P 24 to P 27 , 

P 33 , P 34 , RESET 


V|H3 

0.7 Vdd 


15 

V 

P 60 to P 63 ; open-drain 


V(H4 

Vdd “0.5 


Vdd 

V 

XI, X2 


V|H5 

Vdd-0.5 


Vdd 

V 

Vdd= 4.5to6.0V:XT1,XT2 



Vdd -0.3 


Vdd 

V 

A/PD7801XY: XT1, XT2 



Vdd- 0.2 


Vdd 

V 

AVPD78P014Y: XT1,XT2 

Low-level input voltage 

V|L 1 

0 


0.3 Vdd 

V 

Other than below 


V|L 2 

0 


0.2 Vdd 

V 

POq to PO 4 , P2o, P 22 , P 24 to P 27 , 

P 33 , P 34 , RESET 


V|L3 

0 


0.3 Vdd 

V 

P 60 to P 63 ; Vdd “ 0.0 V 



0 


0.2 Vdd 

V 

P 60 to P 63 


V|L4 

0 


0.4 

V 

XI, X2 


V|L5 

0 


0.4 

V 

XT1,XT2: Vdd = 4.5 to 6.0 v 



0 


0.3 

V 

XT1, XT2 

High-level output voltage 

VoHI 

Vdd -10 



V 

Vdd = 4.5 to 6.0 V, Iqh = -1 -0 mA 



Vdd-0.5 



V 

0 

X 

II 

0 

0 

> 

Low-level output voltage 

VOLI 


0.4 

2.0 

V 

P5o to P 57 , P 60 to P 63 : 

Vdd = 4.5 to 6.0 V, loL = 15 mA 





0.4 

V 

Other than above; Vdd == 4.5 to 6.0 V, 

Iql =1.6 mA 


V 0 L 2 



0.2 Vdd 

V 

SBO, SB1, s^: Vdd = 4.5 to 6.0 v, 
open-drain, pullup resistance = 1 kO 


V0L3 



0.5 

V 

Iql = 400 a/A 

High-level input leakage 

•lihi 



3 


V|N = Vdd; except XI, X 2 , XT 1 , XT 2 

current 

IlIH 2 



20 

M 

V|N = Vdd: xi, X 2 , xti , XT 2 


'lIH3 



80 


V|N = 15 V; P 6 oto P 63 

Low-level input leakage 

•lili 



-3 

A/A 

V|N = 0 V; except XI, X2, XTI, XT2 

current 

IlIL 2 



-20 

/iA 

V|N = 0V;X1,X2, XT1,XT2 


'lIL3 



-3 

fiA 

V|N = OV; P 6 oto P 63 (Note 1 ) 

Output leakage current high 

Ilohi 



3 

A/A 

VouT = Vdd 

Output leakage current low 

•lol 



-3 

/iA 

VoUT = 0 V 

Mask option pullup resistor 

R 1 

20 

40 

90 

kO 

V|N = 0 V; P 60 TO P 63 , a/PD7801xY only 

Software pullup resistor 

R 2 

15 

40 

90 

kO 

Vdd = 4.5 to 6.0 V; Vin = O V, PO 1 to PO 3 , 
ports 1 to 5, P 64 to P 67 



20 


500 

kQ 

Vdd = 2.7 to 4.5 V; V|n = 0 V, P0i to PO 3 , 
ports 1 to 5, P 64 to P 67 
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fiPD78014Y Family 


DC Characteristics (cont) 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Power supply current 
(^PD7801xY) 

Iddi 


7.5 

22.5 

mA 

8.38 MHz crystal oscillation operating mode; 
Vdd = 5.0 V ±10% (Note2) 




0.8 

2.4 

mA 

8.38 MHz crystal oscillation operating mode; 
Vdd = 3.0 V ±10% (Note 3) 


IdD2 


1.4 

4.2 

mA 

8.38 MHz crystal oscillation HALT mode; 

Vdd = 5.0 V ±10% 




550 

1650 

A/A 

8.38 MHz crystal oscillation HALT mode; 

Vdd = 3.0 V ±10% 


>DD3 


60 

120 

pA 

32.768 kHz crystal oscillation operating mode; 
Vdd = 5.0 V ±10%, XI stop mode, CPU 
operating from subsystem clock. 




35 

70 

/iA 

32.768 kHz crystal oscillation operating mode; 
Vdd = 3.0 V ±10%, XI stop mode, CPU 
operating from subsystem clock. 


1dD4 


25 

50 

A/A 

32.768 kHz crystal oscillation HALT mode; Vdd 
= 5.0 V ±10%, XI STOP mode 




5 

10 

A/A 

32.768 kHz crystal oscillation HALT mode; Vdd 
= 3.0 V ±10 %, XI STOP mode 


•dds 


1 

20 


XT1 = 0 V STOP mode when feedback resistor 
is connected; Vdd = 5.0 V ±10% 




0.5 

10 

A/A 

XT1 = 0 V STOP mode when feedback resistor 
is connected; Vdd = 3.0 V ±10% 


•dD6 


0.1 

20 

//A 

XT1 =0 V STOP mode when feedback resistor 
is disconnected; Vdd = 5.0 V ±10% 




0.05 

10 

/iA 

XT1 = 0 V STOP mode when feedback resistor 
is disconnected; Vdd “ 3.0 V ±10% 

Power supply current 
(jL/PD78P014Y) 

'ddi 


9 

27 

mA 

8.38 MHz crystal oscillation operating mode; 
Vdd = 5.0 V ±10 % (Note 2) 



1 

3 

mA 

8.38 MHz crystal oscillation operating mode; 
Vdd = 3.0 V ±10 % (Note 3) 

•dD2 

1.4 

4.2 

mA 

8.38 MHz crystal oscillation HALT mode; Vdd = 
5.0 V ±10% 


550 

1650 

A/A 

8.38 MHz crystal oscillation HALT mode; Vdd = 
3.0 V ±10% 

•dD3 

90 

180 

A/A 

32.768 kHz crystal oscillation operating mode; 
Vdd = 5.0 V ±10%, XI stop mode, CPU 
operating from subsystem clock. 


50 

100 

A/A 

32.768 kHz crystal oscillation operating mode; 
Vdd = 3.0 V ±10%, XI stop mode, CPU 
operating from subsystem clock. 

IdD4 

25 

50 

A/A 

32.768 kHz crystal oscillation HALT mode; 

Vdd = 5.0 V ±10%, XI stop mode 


5 

10 

A/A 

32.768 kHz crystal oscillation HALT mode; 

Vdd = 3.0 V ±10%, XI stop mode 

■dD5 

1 

30 

A/A 

XT1 = OV STOP mode when feedback resistor 
is connected; Vdd V ±10 % 


0.5 

10 

A/A 

XT1 = 0 V STOP mode when feedback resistor 
is connected; Vdd = 3.0 V ±10 % 
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Notes: 

(1) P 6 o to P 63 become -200 /iA (max.) for only 1 clock cycle during 
input instruction execution (no wait) and -3 fjA (max.) during 
instruction other than input. 


(2) When operated in the high-speed mode with the processor clock 
control register set to OOH. 

(3) When operated in low-speed mode with the processor clock 
control register set to 04H. 
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fiPD78014Y Family 


Figure 21. Ipo vs Vdd (iiPD 78P014Y) Figure 23. 



ioL •« VoL (Port 1) 











PPD78014Y Family 


AC Characteristics 

Ta = -40 to +85°C; VpD = 2.7 to 6 V ; refer to figures 26 through 32 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Cycle time 
(Min. instruction 

tcY 

0.4 


64 

JUS 

Vqd = 4.5 to 6.0 V; operating on main system 
clock (a/PD7801xY) 

execution time) 


0.96 


64 

A/s 

Operating on main system clock O^PD7801xY) 



0.48 


64 

A/s 

Vdd = 4.5 to 6.0 V; operating on main system 
clock (A/PD78P014Y) 



1.91 


64 

A/s 

Operating on main system clock (A/PD78P014Y) 



0.4 


64 

A/s 

Ta = -40 to +40°C, Vdd = 4.75 to 6.0 V; 
operating on main system clock (A/PD78P014Y) 



0.96 


64 

A/s 

Ta = -40 to +40°C; operating on main system 
clock (A/PD78P014Y) 



114 

122 

125 

JUS 

Operating on subsystem clock 

Tl input 

fTl 

0 


4 

MHz 

Vdd = 4.5 to 6.0 V 

frequency 


0 


275 

kHz 


Tl input high/ 

^TIH. ^TIL 

100 



ns 

Vdd = 4.5 to 6.0 V 

low-level width 


1.8 



A/s 


Interrupt input 

^INTH. tiNTL 

8/fsam (Note 1) 



A/s 

INTPO 

high/low-level 

width 


10 



A/s 

INTP1 to INTP3 


10 



A/s 

KRO to KR7 (Note 2) 

RESET low-level width 

tpST 

10 



JUS 



Notes: 


(1) By using bits 0 and 1 of the sampling clock select (SCS) register 

in conjunction with bits 0 to 2 of the processor clock control 
(PCC) register, fsam to fx/2N+ 1 (where N = 0 to 4), 

fx/64, or fx/128. 

(2) Port 4 falling-edge detection input. 






j[iPD78014Y Family 


Figure 26. Main System dock Operation ter vs 
Vdd (uPDTSOIxY) 
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Figure 27. Main System dock Operation ter vs 
Vdd (uPD78P014Y) 



40 








ffPD78014Y Family 











ffPD78014Y Family 


Read/Write Operation 

Ta = -40 to +85°C, Vdd = 2.7 to 6.0 V; refer to figures 33 through 36 


Parameter 

Symbol 

Min 

Max 

Unit 

Conditions 

ASTB high-level width 

<ASTH 

0.5 t(5Y 


ns 


Address setup time to ASTB i 

♦ads 

0.5 tcY “ 30 


ns 


Address hold time from ASTB i 

Udh 

10 


ns 

Load resistor > 5 kQ 

Data input time from address 

<ADD1 


(2-f-2n)tQY ” 33 

ns 

Instruction fetch 


<ADD2 

5 

(3-l-2n)tcY ■“ 100 

ns 

Data access 

Data input time from RD i 

^RDDI 


(1 +2n)t0Y ~ 25 

ns 

Instruction fetch 


tRDD2 


(2.54-2n)tcY-100 

ns 

Data access 

Read data hold time 

^RDH 

0 


ns 


RD low-level width 

tRDL1 

(1.5+2n)tcY-20 


ns 

Instruction fetch 


tRDL2 

(2.5-l-2n)tcY-20 


ns 

Data access 

WAIT 4 input time from RD 1 

tRDWTl 


0,5 tcY 

ns 

Instruction fetch 


<RDWT2 


1.5 tcY 

ns 

Data access 

WAIT i Input time from WR i 

tWRWT 


0.5 tcY 

ns 


WAIT low-level width 

^WTL 

(0.5+2n)tcY + 10 

(2+2n)tcY 

ns 


Write data setup time to WR t 

<WDS 

100 


ns 


Write data hold time from WR t 

^WDH 

5 


ns 


WR low-level width 

*WRL1 

(2.5+2n)tcY-20 


ns 


RD i delay time from ASTB i 

Iastrd 

0.5 tQY ~ 30 


ns 


WR i delay time from ASTB i 

USTWR 

1.5 tcY “ 30 


ns 


ASTB t delay time from RD t (external fetch) 

♦rdast 

o 

1 

tcY + 40 

ns 


Address hold time from RD t (external fetch) 

<RDADH 

tcY 

Icy 50 

ns 


Write data output time from 1^ t 

<RDWD 

10 


ns 


WR i delay time from write data 

'WDWR 

0.5 t^Y —120 

0.5 t0Y 

ns 

VpD = 4.5 to 6.0 V 



0.5 Iqy -170 

0.5 tcY 

ns 


Address hold time from WR f 

<WRADH 

kiY 

Icy 50 

ns 

Vpp = 4.5 to 6.0 V 



tcY 

Iqy 100 

ns 


RD t delay time from WAIT t 

<WTRD 

0.5 tcY 

2.5 tcY + 80 

ns 


WR t delay time from WAIT t 

IWTWR 

0.5 tcY 

2.5 tcY + 80 

ns 


Notes: 

(1) tcY = tcY/4 

(2) n indicates number of waits. 

(3) Cl = 100 pF 
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jiPD78014Y Family 



Figure 34. Read Operation; Externai Fetch (Wait Insertion) 

















/LfPD78014Y Family 


Figure 35, Read/Write Operation; Externai Data Access (No Wait) 
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fiPD78014Y Family 


Serial Interface, 3-Wire, I/O Mode; Internal SCK Output 


Ta = -40 to +85°C; Vpo = 2.7 to 6.0 V; refer to figure 37 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

SCK cycle time 

^KCYI 

800 



ns 

Vpp = 4.5 to 6.0 V 



3200 



ns 


SCK high- and low-level width 

^KH1. ^KL1 

^KCYi/2-50 



ns 

VpD = 4.5 to 6.0 V 



tKCYl/2-150 



ns 


SI setup time to SCK t 

tslKt 

100 



ns 


SI hold time from SCK T 

^Ksn 

400 



ns 


SO output delay time from SCK i 

tKSOI 



300 

ns 

Vpp = 4.5 to 6.0 V; C = 100 pF (See note) 





1000 

ns 

C = 100 pF (See note) 

Note: C is the load capacitance of the SO output line. 





Serial Interface, 3-Wire, I/O Mode; External SCK Input 

Ta = -40 to +85°C: Vqp = 2.7 to 6.0 V; refer to figure 37 



Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

SCK cycle time 

tKCY2 

800 



ns 

Vpp = 4.5 to 6.0 V 



3200 



ns 


SCK high- and low-level width 

tKH2- tKL2 

400 



ns 

Vpp = 4.5 to 6.0 V 



1600 



ns 


SI setup time to SCK t 

tsiK2 

100 



ns 


SI hold time from SCK t 

^KSI2 

400 



ns 


SO output delay time from SCK i 

tKS02 



300 

ns 

Vpp = 4.5 to 6.0 V; C = 100 pF (See note) 





1000 

ns 

C = 100 pF (See note) 


Note: C is the load capacitance of the SO output line. 
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fiPD78014Y Family 


Serial Interface, SBI Mode; Internal SCK Output 

Ta = “^0 ^0 +85°C; Vqq = 2.7 to 6.0 V; refer to figure 38 

Parameter 

Symbol 

Min 

Typ Max 

Unit 

Conditions 

SCK cycle time 

kCY3 

800 


ns 

Vdd = 4.5 to 6.0 V 



3200 


ns 


SCK high- and low-level width 

tKH3. <KL3 

<KCY3/2 - 50 


ns 

Vdd = 4.5 to 6.0 V 



^KCY3/2 * 150 


ns 


SBO, SBI setup time to SCK t 

<SIK3 

100 


ns 

Vdd = 4.5 to 6.0 V 



300 


ns 


SBO, SB1 hold time from SCKt 

'KSI3 

1kcY3/2 


ns 


SB0,SB1 output delay time from SCK i 

^KS03 

0 

250 

ns 

Vdd = 4.5 to 6.0 V; R = 1 kQ 

C = 100 pF (See note) 



0 

1000 

ns 

R = 1 kCi C = 100 pF (See note) 

SBO, SBI 1 from ^ t 

♦ksb 

1kCY3 


ns 


4 from SBO, SB1 4 

%BK 

1kCY3 


ns 


SBO, SB1 high-level width 

<SBH 

1kCY3 


ns 


SBO, SB1 low-level width 

%BL 

^KCY3 


ns 



Note: R and C are the load resistance and load capacitance of the 
SBO and SB1 output lines. 


Serial Interface, SBI Mode; External SCK Input 

Ta = -40 to +85°C: Vqd = 2.7 to 6.0 V; refer to figure 38 


Parameter 

Symbol 

Min 

Typ Max 

Unit 

Conditions 

SCK cycle time 

1kCY4 

800 


ns 

Vdd = 4.5 to 6.0 V 



3200 


ns 


SCK high- and low-level width 

tKH4« 1 kL4 

400 


ns 

Vdd = 4.5 to 6.0 V 



1600 


ns 


SBO, SBI setup time to SCK t 

1SIK4 

100 


ns 

Vdd = 4.5 to 6.0 V 



300 


ns 


SBO, SBI hold time from SCK t 

Iks 14 

1kcY4/2 


ns 


SBO, SBI output delay time from SCK 4 

1kS04 

0 

300 

ns 

Vdd = 4.5 to 6.0 V; R = 1 kO, C = 100 pF. 
(See note) 



0 

1000 

ns 

R = 1 ka C = 100 pF 

SBO, SBI 4 from t 

Iksb 

1kCY4 


ns 


4 from SBO, SBI 4 

ISBK 

1kCY4 


ns 


SBO, SBI high-level width 

%BH 

1kCY4 


ns 


SBO, SBI low-level width 

ISBL 

1kCY4 


ns 



Note: R and C are the load resistance and load capacitance of the 
SBO and SB1 output lines. 




iiPD78014Y Family 


Serial Interface, 2-Wire, I/O Mode; Internal SCK Output 

Ta = -40 to +85“C; Vqd = 2.7 to 6.0 V; refer to figure 39 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

SCK cycle time 

♦kcys 

1600 



ns 

Vqd = 4.5 to 6.0 V 



3800 



ns 


SCK high-level width 

kH5 

'KCY5/2-50 



ns 


SCK low-level width 

*KL5 

'KCY5/2-50 



ns 


SBO, SB1 setup time to SCK t 

tSIKS 

300 



ns 


SBO, SB1 hold time from SCK t 

^KSI5 

600 



ns 


SBO, SB1 output delay time from SCK 4 

<KS05 

0 


250 

ns 

Vdd = ^-5 to 6.0 V 

R = 1 kC^ C = 100 pF (See note) 



0 


1000 

ns 

R * 1 kQ C = 100 pF (See note) 

Note: R and C are load resistance and load capacitance of the SCKO, 

SBO, and SB1 output lines. 





Serial Interface, 2-Wire, I/O Mode; External SCK Input 

Ta = -40 to -l-85°C; Vqd = 2.7 to 6.0 V; refer to figure 39 




Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

SCK cycle time 

tKCY6 

1600 



ns 

Vdd ” s to 6.0 V 



3800 



ns 


SCK high-level width 

tKH6 

650 



ns 


SCK low-level width 

tKL6 

800 



ns 


SBO, SB1 setup time to SCK t 

<SIK6 

100 



ns 


SBO, SB1 hold time from SCK t 

tKSl6 

'KCY6/2 



ns 


SBO, SB1 output delay time from SCK i 

tKS06 

0 


300 

ns 

Vdd * 4.5 to 6.0 V 

R * 1 kCt C = 100 pF (See note) 



0 


1000 

ns 


Note: R and C are load resistance and load capacitance of the SCKO, 

SBO, and SB1 output lines. 





Serial Interface, l^c Bus 

Ta = -40 to +85°C; Vdd = 2.7 to 6.0 V; 

refer to figure 40 





Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

SCL input clock frequency 

%CL 

0 


100 

kHz 


Bus release time before start of transfer 

%UF 

4.7 



fJS 


Start condition hold time 

^HDSTA 

4.0 



IJS 


SCL low-level time 

Kow 




^s 


SCL high-level time 

'high 

4.0 



/us 


Start condition setup time 

'SUSTA 

4.7 



fJ9 


Data hold time 

'hddat 

0 



A/s 

SCL fall time: data retention 

Data setup time 

'SUDAT 

250 



ns 


SDA, SDAO, SDA1, SCL signal rise time 

'r 



1 

/iS 


SDA, SDAO, SDA1, SCL signal fall time 

tp 



300 

ns 


Stop condition setup time 

'SUSTO 

4.7 



A/s 
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NEC 


PPD78014Y Family 


Serial Interface, 3-Wire, I/O Mode with Automatic Transmit/Receive Function; Internal SCK Output 


Ta = -40 to +65°C\ Vqd = 2.7 to 6.0 V; 

refer to figure 41 




Parameter 

Symbol 

Min 

Typ Max 

Unit 

Conditions 

SCK cycle time 

<KCY7 

800 


ns 

Vdd = 4.5 to 6.0 V 



3200 


ns 


SCK high- and low-level width 

tKH7. W 

^CY7/2 - 50 


ns 

Vqd = 4.5 to 6.0 V 



tKCY7/2- 150 


ns 


SI setup time to SCK t 

<SIK7 

100 


ns 


SI hold time from SCK t 

♦kSI7 

400 


ns 


SCK i to SO output delay time 

<KS07 


300 

ns 

Vdd = 4.5 to 6.0 V; C = 100 pF (See note) 




1000 

ns 

C = 100 pF (See note) 

STB t from SCK T 

tSBD 

400 

1kCY7 

ns 


Strobe signal high-level width 

^SBW 

tKCY7 

1kCY7 + 30 

ns 


Busy signal set-up time (to busy signal 
detection timing) 


100 


ns 


Busy signal hold time (from busy signal 
detection timing) 

tBYH 

100 


ns 

1 

SCK i from busy inactive 

tsps 


2tKCY7 

ns 

1 

Note: C is the load capacitance for the SO output line. 


Serial Interface, 3-Wire, I/O Mode with Automatic Transmit/Receive Function; External SCK Input 

Ta = -40 to +85°C: Vqo = 2.7 to 6.0 V; refer to figure 41 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

SCK cycle time 

Ikcys 

800 



ns 

Vdd = 4.5 to 6.0 V 



3200 



ns 


SCK high- and low-level width 

1kH8. 1kL8 

400 



ns 

Vdd = 4.5 to 6.0 V 



1600 



ns 


SI setup time to SCK t 

1SIK8 

100 



ns 


SI hold time from SCK t 

Iks 18 

400 



ns 


SCK 1 to SO output delay time 

1KS08 



300 

ns 

Vdd = 4.5 to 6.0 V; C = 100 pF (See note) 





1000 

ns 

C = 100 pF (See note) 

S^ i (after STB) from S^ t 

Ispsi 

2tKCY8 



ns 



Note: C is the load capacitance for the SO output line. 






PPD78014Y Family 


Figure 37. Serial Interface Timing; 

3-Wire Serial i/O Mode 



Figure 38. Serial interface Timing; SBi Mode 
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Figure 39. Serial interface Timing; 

2-Wire Serial i/O Mode 
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PPD78014Y Family 


Figure 41. Serial interface Timing; 3-Wire Serial I/O Mode with Automatic Transmit/Receive Function 



* SCK does not actually become low here; It Is shown this way 
to Indicate timing. 


83FM- 
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A/D Converter 

Ta = -40 to +85°C: AVdd = Vdd = 

2.7 to 6.0 V, AVss 

II 

<0 

> 

II 





Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Resolution 


8 

8 

8 

bit 


Absolute accuracy (See note) 




±1.5 

LSB 


Conversion time 

^CONV _ 

160/fx 



(JS 

fx =4.19 to 8.38 MHz 



80/fx 



IJS 

fx = 1 to 4.19 MHz 

Sampling time 

tSAMP 

24/fx 



fJS 


Analog Input voltage 

V|AN 

AVss 


AVref 

V 


Reference voltage 

AVreF 

2.7 


AVdd 

V 


AVrep current 

Iref 


0.5 

1.5 

mA 



Note: Absolute accuracy does not include the quantization error 


(±1/2 LSB). 

Data Memory STOP Mode; Low-Voltage Data Retention 

Ta = -40 to +85°C; refer to figure 42 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Data retention supply voltage 

VdDDR 

2.0 


6.0 

V 


Data retention power supply current 

Idddr 


0.1 

10 

fjA 

Vdddr = 2.0 V; subsystem clock stop and 
feedback resistor disconnected 

Release signal set time 

^SREL 

0 



/iS 


Oscillation stabilization wait time 

tWAIT 


2l8/fx 


ms 

Release by RESET 




(Note 1) 


ms 

Release by interrupt 


Note: 

(1) 2'*3/fx, 2l5/fx, 2‘'6/fx, 2l7/fx or 2‘'8/fx can be chosen by using bits 
0 to 2 of the oscillation stabilization time select (OSTS) register. 







PPD78014Y Family 


Figure 42. Data Retention Timing 

A. STOP mode is released by RESET input 

Internal reset 
operation 


I HALT mode 



B. STOP mode is released by interrupt signal 


HALT mode 
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JLIPD78014Y Family 


PROM PROGRAMMING 

The PROM in the/iPD78P014Y is an OTP or UV EPROM. 
The 32,768 x 8-bit PROM has the programming charac¬ 
teristics of an NEC /iPD27C256A. Table 5 shows the 
functions of the pPD78P014Y pins in both normal oper¬ 
ating and PROM programming mode. 

Table 5. Pin Functions During PROM 
_ Programming _ 

Function Normal Operating Mode Programming Mode 


Address input P4o - P 47 , PSq, POq, Aq - A 14 

_PSg-PSe_ 


Data input 

P3o - P 37 

Dq- D 7 

Chip enable/ 
program pulse 

P 65 /WR 


Output enable 

P 64 /RD 

OE 

Program voltage 

1C 

Vpp 

Mode voltage 

RESET 

Logical 0 


Table 6. Programming Operation Modes 


Mode 

RESET 

Vpp 

Vdd 


OE 

Do to D 7 

Program write 

L 

+12.5 V 

+ 6 V 

L 

H 

Data input 

Program verify 

L 

+12.5 V 

+ 6 V 

H 

L 

Data output 

Program inhibit 

L 

+12.5 V 

+ 6 V 

H 

H 

High impedance 

Read 

L 

+ 5V 

+ 5V 

L 

L 

Data output 

Output disbie 

L 

+ 5V 

+5V 

L 

H 

High impedance 

standby 

L 

+ 5V 

+5V 

H 

L/H 

High impedance 


PROM Programming Modes 

When the RESET pin is set low and Vpp Is set to + 5 V or 
+ 12.5 V, the )LiPD78P014Y enters the programming 
mode of operation. Operation In this mode is deter¬ 
mined by the setting of the CE, OE, Vpp and Vdd pins as 
Indicated In Table 6. 





JIIPD78014Y Family 


NEC 


Figure 43. PROM Programming Mode Pin Function; 
64~Pin plastic or Ceramic Shrink DIP 


fiPD78P014YCW/DW 


qs 


Vda 


DqC 

9 

Did 

10 

□2 d 

11 

□sd 

12 

D4d 

13 

DgC 

14 

Ded 

15 

Dyd 

16 

VssC 

17 

Agd 

18 

Aid 

19 

A2 d 

20 

A3 d 

21 

A4d 

22 

AgC 

23 

Agd 

24 

Ayd 

25 

Agd 

26 

Ld 

27 

Aio'^ 

28 

All d 

29 

Ai2d 

30 

Aisd 

31 

'^SS^ 

32 


62 PA 


54 □Vs, 
53 □ L 
52 DOpi 


IP RESET 


40 f 


Notes: 

(1) L: Connect these pins separately to Vss through 
resistors (10 kQ). 

(2) Vss: Connect to the ground. 

(3) RESET: Set to the low level. 

(4) Open: Do not connect these pins. 

83CL-9442A 
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NEC 


i;iPD78014Y Family 
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PPD78014Y Family 


PROM Write Procedure 

Data can be written to the PROM by using the following 
procedure. 

( 1 ) Set the pins not used for progra mming as indi¬ 
cated in figures 43 and 44. Set the RESET pin l^ 
and the Vdd and Vpp pins to +5 V. The CE and OE 
pins should be high. 

( 2 ) Supply -i- 6 . 0 Vtothe Vqo pin and + 12.5 V to the 
Vpp pin. 

(3) Provide the initial address to the Aq - Au pins. 

(4) Provide the write data 

(5) Provide a 1-ms program pulse (active low) to the 
CE pin. 

( 6 ) Use the verify mode (pulse OE low) to test the 
data. If data Is written correctly, proceed to step 
8 ; if data is not written correctly, repeat steps 4 to 
6 up to 25 times. If data Is sti 11 incorrect, go to step 
7. 

(7) Classify the PROM as defective and cease write 
operation. 

( 8 ) Perform one additional write with a program 
pulse width (in ms) equal to three times the num¬ 
ber of writes performed in step 5. 

(9) Increment the address. 

( 10 ) Repeat steps 4-9 until the last adress is pro¬ 
grammed. 


PROM Read Procedure 

The contents of the PROM can be read out of the 
external data bus (Do - D 7 ) by using the following 
procedure. 

( 1 ) Set the pins not used for progra mming as indi¬ 
cated in Figures 43 and 44. Set the RESET pin low 
and the Vpp pin and Vdd pin to +5 V. The CE and 
OE pins should be high. 

( 2 ) Input the address of the data to be read to the 
Ao"Ai4plns. 

(3) Put an active-low pulse on CE and OE pins. 

(4) Data Is output to pins Do - D 7 . 

Program Erasure 

The UV EPROM can be erased (all locations FFH) by 
exposing the window to light having a wavelength 
shorter than 400 nm. Including ultraviolet, direct sun¬ 
light, and fluorescent light. To prevent unintentional 
erasure, mask the window. 

Typically, data Is erased by 254-nm ultraviolet rays. A 
minimum lighting level of 15 W s/cm 2 (ultraviolet ray 
intensity x exposure time) is required to completely 
erase the written data. Erasure by an ultraviolet lamp 
rated at 12,000 pW/cmS takes approximately 15 to 20 
minutes. Remove any filter on the lamp and place the 
device within 2.5 cm of the lamp tubes. 
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pPD78014Y Family 


DC Programming Characteristics 

Ta = 25 ±5"C, Vss = OV. 

Parameter 

Symbol 

Symbol* 

Min 

Typ 

Max 

Unit 

Condition 

High-level input voltage 

ViH 

V|H 

0-7 Vddp 


Vddp 

V 


Low-level input voltage 

V|L 

V|L 

0 


0.3 Vddp 

V 


Input leakage current 

■lip 

Ili 



10 

/iA 

0 < V| < Vddp 

High-level output voltage 

VoH1 

VoH1 

2.4 



V 

Iqh = -400 a/A 


VoH2 

VoH2 

Vdd-O-7 



V 

Iqh = -100 a/A 

Low-level output voltage 

Vol 

VoL 



0.45 

V 

Iql = 2.1 mA 

Output leakage current 

Ilo 




10 


0 < Vq ^ Vddp. oe = V|h 

Vddp power voltage 

Vddp 

< 

o 

o 

5.75 

6.0 

6.25 

V 

Program memory write mode 




4.5 

5.0 

5.5 

V 

Program memory read mode 

Vpp power voltage 

Vpp 

Vpp 

12.2 

12.5 

12.8 

V 

Program memory write mode 





Vpp = Vddp 


V 

Program memory read mode 

Vddp power current 

Idd 

•cc 


5 

30 

mA 

Program memory write mode 





5 

30 

mA 

Program memory read mode 
CE = V,L, V, = V,H 

Vpp power current 

ipp 

Ipp 


5 

30 

mA 

Program memory write mode 
^ = V|L, OE = V|H 





1 

100 

A/A 

Program memory read mode 


*Corresponding symbols of the/iPD27C256A. 

AC Programming Characteristics (Write Mode) 


Ta= 25 ±5°C,Vss= 0 V,Vdd = 

6 ±0.25 V, Vpp = 

12.5 ±0.3 V. 






Parameter 

Symbol 

Symbol* 

Min 

Typ 

Max 

Unit 

Conditions 

Address setup time to CE i 

fSAC 

Us 

2 



A^s 


Data input to OE 1 delay time 

Iddoo 

IqES 

2 



Afs 


Input data setup time to CE i 

ISIDC 

Ids 

2 



fJS 


Address hold time from CE t 

Ihca 

Uh 

2 



IJS 


Input data hold time from CE f 

Ihcid 

Idh 

2 



Afs 


Output data hold time from OE t 

IhOOD 

Idf 

0 


130 

ns 


Vpp setup time to CE i 

isvpc 

Ups 

1 



ms 


Vddp setup time to CE i 

IsVDC 

Ucs 

1 



ms 


Initial program pulse width 

1WL1 

tpw 

0.95 

1.0 

1.05 

ms 


Additional program pulse width 

1WL2 

IqPW 

2.85 


78.75 

ms 


OE i to data output time 

Idood 

IqE 



150 

ns 



* Corresponding symbols of the /iPD27C256A. 




ffPD78014Y Family 


AC Programming Characteristics (Read Mode) 

Ta = 25 ±5°C, Vss == 0 V, VpD = 5 ±0.5 V, Vpp = Vdd, 


Parameter 

Symbol 

Symbol* 

Min Typ 

Max 

Unit 

Condition 

Address to data output time 

tpAOD 

^ACC 


200 

ns 

_i 

> 

II 

|UJ 

lo 

II 

lUJ 

lo 

CE i to data output time 

^DCOD 

tCE 


200 

ns 

—I 

> 

II 

im 

lo 

OE i to data output time 

tpOOD 

tOE 


75 

ns 

CE = V,L 

Data hold time from OE t 

^HCOD 

^DF 

0 

60 

ns 

> 

II 

|UJ 

lo 

Data hold time from address 

tpAOD 

tOH 

0 


ns 

_] 

> 

lUJ 

lo 

lUJ 

lo 

* Corresponding symbols of the /iPD27C256A. 






AC Programming Characteristics (PROM Mode) 

Ta = 25 ±5'’C, Vss = OV 





Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Condition 

PROM mode setup time 

^SMA 



10 

A/s 



60 










NEC 


PROM Timing Diagrams 

FROM Write/Verify Mode 


-X Repetitions- 

■Write--Verlfy- 



Notes: 

(1) Vqqp must be applied before applying Vpp. it should be removed before removing Vpp. 

(2) Vpp must not exceed +13V, including overshoot. 
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PROM Timing Diagrams (cont) 
PROM Read Mode 
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fiPD78044 Family 
(pPD78042/043/044/P044) 
8-Bit, K-Series Microcontrollers 
With FiP Controlier/Driver and A/D Converter 

September 1993 


Description 

The /iPD78042, A/PD78043, /1/PD78044, and jL/PD78P044 
are members of the K-Series® of microcontrollers fea¬ 
turing a FIP® (VF) controller/driver, A/D converter, 8-blt 
hardware multiply and divide instructions, bit manipu¬ 
lation instructions, four banks of main registers, an 
advanced interrupt handling facility, and a powerful set 
of memory-mapped on-chip peripherals. 

Timing is generated by two oscillators. The main oscil¬ 
lator normally drives the CPU and most peripherals. 
The 32.768-kHz subsystem oscillator provides time 
keeping when the main oscillator Is turned off. Since 
CMOS power dissipation is proportional to clock rate, 
the JL/PD78044 family provides a software selectable 
instruction cycle time from 0.48 {js to 122 fjs. The STOP 
and HALT modes turn off parts of the microcontroller 
for additional savings. The data retention mode keeps 
RAM contents valid down to 2.0 V. 

These devices are ideally suited for applications in 
portable battery-powered equipment, office automa¬ 
tion, communications, automotive and consumer elec¬ 
tronics, home appliances, and PC peripherals. 

K-Series and FIP are registered trademarks of NEC Electronics Inc. 

Features 

□ FIP controller/driver 

— Up to 34 lines of direct-drive, high-voltage 
output 

— Eight software-controller intensity levels 

— 48 bytes of display RAM 

— Refresh of display without CPU intervention 

— Key scan capability 

□ Eight-channel, 8-blt A/D converter 

□ Two-channel serial communications interface 

— 8-bit clock-synchronous Interface 0 

Full-duplex, three-wire mode 
NEC serial bus interface (SBI) mode 
Half-duplex, two-wire mode 

— 8-bit clock-synchronous interface 1 

Full-duplex, three-wire mode 
Automatic transfer, full-duplex three-wire 
mode 

° Timers; six channels 

— Watchdog timer 

— 16-bit timer/event counter 

— Two 8-blt timer/event counters usable as one 
16-bit timer/event counter 


— 6 -bit up/down counter for external events 

— Watch (clock) timer 

□ 68 I/O and bidirectional I/O lines, including high 
voltage lines for FIP drive 

— Two CMOS input-only lines 

— 27 CMOS bidirectional I/O lines 

— Five n-channel, open-drain I/O lines at 15 V 
maximum 

—16 p-channel, open-drain I/O lines at 35 V 
maximum 

—18 p-channel, open-drain output lines at 35 V 
maximum 

— Software or mask selectable pullup or pulldown 
resistors available on many port lines 

□ Powerful Instruction set 

— 8 -bit unsigned multiply and divide 

— 16-blt arithmetic and data transfer instructions 

— 1 -blt and 8 -bit logic instructions 

□ Minimum instruction execution times 

— 0.48/0.95/1.91/3.81/7.63/iS using 4.19-MHz main 
system clock 

— 122 /is using 32.768-kHz subsystem clock 

□ Memory-mapped on-chip peripherals 

— Special function registers 

□ Programmable priority, vectored-interrupt 
controller (two levels) 

□ Programmable buzzer and clock outputs 

□ Power-saving and battery back up 

— Variable CPU clock rate 

— STOP mode 

— HALT mode 

— 2-V data retention mode 


3e 


n CMOS operation; Vdd from 2.7 to 6.0 V 


Internal High-Capacity ROM and RAM 



78042 

78043 

78044 

78P044 

ROM 

16K bytes 

24K bytes 

32K bytes 

— 

PROM 

— 

— 

— 

32K bytes 

High-speed 

RAM 

512 bytes 

1024 bytes 

1024 bytes 

1024 bytes 

Serial buffer 
RAM 

64 bytes 

64 bytes 

64 bytes 

64 bytes 

FIP display 
RAM 

48 bytes 

48 bytes 

48 bytes 

48 bytes 
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Ordering Information 


Part Number 

ROM 

Package 
(Package Dwg) 

/iPD78042GF-xxx-3B9 

16K mask ROM 

80-pin plastic QFP 

/iPD78043GF-xxx-3B9 

24K mask ROM 

(P80GF-80-3B9-1) 

//PD78044GF-XXX-3B9 

32K mask ROM 


/iPD78P044GF-3B9 

32K OTP ROM 


/iPD78P044KL-S 

32K UV EPROM 

80-pin ceramic LOG 
with window 
(X80KW-80A) 


Notes: 

(1) XXX indicates ROM code suffix 

(2) All devices listed are Standard Quality Grade. 
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fjPD78044 Family 


Pin Configurations 

80 -Pin Plastic QFP or Ceramic LCC With Window 


O IP* CM « 't 

« a £ Ol £ £ £ 

E I 5 5 it «: tj; 

S £ £ £ £ 


lO (O N OO m 

£ £ £ £ _ 

it Qlt 5 5 «: 


I § E 


It It 

CM CO 


P94/FIP6 
P93/FIP5 
P92/FIP4 
P9i /FIP3 
P9o/FIP2 
P81 /RP1 
PSq/FIPO 

^DD 
P27/SCKO 
P2e/SO(ySB1 
P25/SI(VSB0 
P24/BUSY 
P23/STB 
P22/SCK1 
P2i /SOI 
P20/SI1 
RESET 

P74 

P73 

AVss 

PI7/ANI7 

P16/ANI6 

PI5/ANI5 

PI4/ANI4 


C 1 
C 2 
C 3 
C 4 
C 5 

1: 6 

C 7 

C 8 
q9 
10 

dll 

c 12 

C 13 
C 14 
qi5 
16 

17 

18 

19 

20 
21 
22 

23 

24 


££:»'££££££ 

. nnj2.a.ann.niia an.Lui.nLn 

80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 

o 


64 □ 
63 □ 
62 □ 
61 □ 
60 □ 
59 □ 
58 □ 
57 □ 
56 □ 
55 □ 
54 □ 
53 □ 
52 □ 
51 □ 
50 □ 
49 □ 
48 □ 
47 □ 
46 □ 
45 □ 
44 □ 
43 □ 
42 □ 
41 □ 


26 27 28 29 30 31 32 

D" ' QU ' U ' d"U " n ' 


£2£!2:2 QU-Zid 


z z ^ 


w 2: 

- z z ^ ^ 

^ ^ ^ ^ 5 

4? ^ ;r ^ ^ 

£ £ £ £ 




33 34 35 36 37 38 

' LTu u ' u" ' n " a ' 

> ^5 9: 


39 40 

mr 

I E 
i i 


P114/FIP22 

P115/FIP23 

P110/FIP24 

PII7/FIP25 

P12o/FIP26 

P12i/FIP27 

P122/FIP28 

PI23/FIP29 

PI24/FIP3O 

PI25/FIP3I 

P126/FIP32 

PI27/FIP33 

Vdd 

P7o 

P7l 

P72 

«C(Vpp) 

POo/INTPOn-IO 

PO1/INTPI 

PO2/INTP2 

PO3/INTP3/CIO 

P3o/TOo 

P3i/TOi 

P32/T02 


(1) Connect 1C (Internally connected) pin (Vpp on (iPD78P044) to V 33 . 

( 2 ) AVqq should be connected to Vqq. 

(3) AV 33 should be connected to V 33 . 


83YL-g5188(9^93) 
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ffPD78044 Family 


Pin Functions; Normai Operating Mode 

Symbol 

First Function 

Symbol 

Alternate Functions 

POo 

Port 0; 5-bit, bit-selectabie i/0. (Bits 0 and 4 are 

INTPO 

External maskable interrupt 


input only) 

TIO 

External count clock input to timer 0 

P01 


INTP1 

External maskable interrupt 

P02 


INTP2 

External maskable interrupt 

P03 


INTP3 

External maskable interrupt 



CIO 

Up/down counter clock input 

P04 


XT1 

Crystal oscillator or external clock input for 
subsystem clock 

P10-P17 

Port 1; 8-bit, bit-selectabie I/O port. 

ANIO - ANI7 

Analog input to A/D converter 

P2o 

Port 2; 8-bit, bit-selectabie i/O port. 

SI1 

Serial data input; three-wire serial I/O mode 

P2i 


SOI 

Serial data output; three-wire serial I/O mode 

P22 


sckT 

Serial clock I/O for serial interface 1 

P23 


STB 

Serial interface; automatic transmit/receive 
strobe output 

P24 


BUSY 

Serial interface; automatic transmit/receive 
busy input 

P25 


SIO 

Serial data input; three-wire serial I/O mode 



SBO 

Two- or three-wire serial I/O mode 

P26 


SOO 

Serial data output; three-wire serial I/O mode 



SB1 

Two- or three-wire serial I/O mode 

P27 


S^ 

Serial clock I/O for serial interface 0 

P3o 

Port 3; 8-bit, bit-selectable I/O port. 

TOO 

Timer output from timer 0 

P3i 


T01 

Timer output from timer 1 

P32 


T02 

Timer output from timer 2 

P33 


Til 

External count clock input to timer 1 

P34 


TI2 

External count clock input to timer 2 

P35 


PCL 

Programmable clock output 

P36 


BUZ 

Programmable buzzer output 

P37 


— 


P7o-P74 

Port 7; 5-bit,bit selectable I/O port. N-channel, 
open drain. 

— 


PSq - P 81 

Port 8; 2-bit, output port. P-channel, open drain. 

FlPO, FIP1 

FIP digit select outputs 

P9o- P97 

Port 9; 8-bit, output port. P-channel, open drain. 

FIP2 - FIP9 

FIP digit select outputs 

PIO0-PIO5 

Port 10; 8-bit, output port. P-channel, open 

FIP10 - FIP15 

FIP digit select or segment outputs 

PlOe - P107 

drain. 

FIP16-FIP17 

FIP segment outputs 

P110-P117 

Port 11; 8-bit, bit selectable I/O port. 

P-channel open drain. 

FIP18 - FIP25 

FIP digit select outputs 

P12 o'P 127 

Port 12; 8-bit, bit selectable I/O port. 

P-channel open drain. 

FIP26 - FIP33 

FIP digit select outputs 

Vload 

FIP controller/driver; pulldown resistor 
connection. 



RESET 

External system reset input 



X1 

Crystal/ceramic resonator connection or 
external clock input for main system clock 
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Pin Functions; Normai Operating Mode (cont) 



Symbol First Function 

Symbol 

Alternate Functions 


X2 Crystal/ceramic resonator connection or inverse 

of external clock for main system clock 


XT2 

Crystal oscillator or left open when not using 
the subsystem clock 

AVref 

A/D converter reference voltage 

AVdd 

A/D converter power supply Input 

AVss 

A/D converter ground 

Vdd 

Power supply Input 

Vpp 

/iPD78P044 PROM programming power supply 
input 

Vss 

Power supply ground 

1C 

Internal connection 
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Block Diagram, ^PD78044 Family 


TOOfPSo <- ie-Blt Timer/ 

TKVINTPiyPOo-> Event Counter 0 

T01/P31 <- 8-B(t Timer/ 

TI1/P33-> Event Counter 1 

T02/P32<- 8-Blt Timer/ 

TI2/P34-> Event Counter 2 


I Watchdog Timer H 


SI0/SB0/P26 

SOO/SB1/P26 <—> Serial Interface 0 
SCK0/P27 

SI1/P20-> 

S01/P21 < - 

SCK1/P22 <—> Serial Interface 1 

STB/P23 < - 

BUSY/P24-> 


ANIO/PIq- 

ANI 7 /PI 7 

AVdd 

AVss 

AVref 


INTPO/TIO/POo- r 
INTP3/CI(yP03 L 


CIO/INTP 3 /PO 3 c 


Program Counter 


Internal | 

Program Memory j 
(ROM/PROM) ' 
Note1 I 


Decode Internal 

Data Memory 


PSW SP 



Buzzer 

Programmable 

Clock 

Clock Generator 

Standby 

Output 

Clock Output 

Divider 

Sub Main 

Control 


BUZ/P36 PCL/P 35 PO 4 /XTI XT2 X1 X2 




RESET Vdd Vss 'C 
(Vpp) 
Note 2 


6-Blt Up/Down 
Counter 


> | PI 0 -PI 7 

> [ Port 2 Jo P20-P27 
Ports ]0 '’®0-P37 

> Port 7 ]o P70-P74 
^ Ports JO^o.PSi 
> 1 Ports ]0 

> 1 Port 10 [ <(|lD> PIO0-PIO7 

> Port 11 PII 0 -PII 7 

> Port 12 10 P12o- PI 27 


yLK tZy FIP0-FIP33 

Controller/ 


Notes: 

(1) The internal ROM and RAM size depend on the device. 

(2) Pin name In parentheses for the hPD 78P044 only. 
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fiPD78044 Family 


FUNCTIONAL DESCRIPTION 
Central Processing Unit 

The central processing unit (CPU) of the /iPD78044 
family features 8- and 16-bit arithmetic including an 8- 
by 8-bit unsigned multiply and a 16- by 8-bit unsigned 
divide (producing a 16-bit quotient and an 8-bit remain¬ 
der). The multiply executes in 3.82 jjs and the divide in 
5.97 fjs using the fastest clock cycle with a 4.19-MHz 
main system clock. 

A CALLT vector table and a CALLF area decrease the 
number of bytes in the call instructions for commonly 
used subroutines. A one-byte call instruction can ac¬ 
cess up to 32 subroutines through their addresses 
contained in the CALLT vector table (40H to 7FH). A 
two-byte call instruction can access any routine begin¬ 
ning in a specific CALLF area (0800H to OFFFH). 

Internal System Clock Generator 

The internal system clocks of the jL/PD78044 family are 
derived from the main system or subsystem clock 
oscillator. See figure 1. The clocks for the watch timer 
and programmable clock output are derived from the 
subsystem clock (fxj) or main system clock (fx). The 
clocks for all other peripheral hardware are derived 
from the main system clock. 

The CPU clock (0) can be supplied from the main 
system clock (fx) or subsystem clock (fxr)- Using the 
processor clock control register (PCC), a CPU clock 
frequency equal to fx, fx/2, fx/4, fx/8, fx/16 or the sub¬ 
system clock fxT can be selected. The CPU clock 
selected should be based on the power supply voltage 
available and the desired power consumption. On 
power up, the CPU clock defaults to the lowest speed 
from the main system clock and can be changed while 
the microcomputer is running. 

Since the shortest instruction takes two CPU clocks to 
execute, the fastest instruction execution time (tcv) 
0.48 jJs Is achieved with a 4.19-MHz main system clock 
and a Vdd of 4.5 to 6.0 volts. The fastest Instruction 
execution time available across the full voltage range 
of 2.7 to 6.0 volts is 0.96 fjs with a4.19-MHz main system 
clock. For the lowest power consumption, the CPU can 
be operated from the subsystem clock and the fastest 
instruction execution time is 122 fjs at 32.768 kHz. 


Memory Space 

Program and data memory are mapped Into the 64K- 
byte address space (OOOOH-FFFFH). See figure 2. The 
/iPD78044 family is optimized for single-chip operation 
and does not permit external memory. 

Internal Program Memory 

All devices in the /iPD78044 family have internal pro¬ 
gram memory. The jL/PD78042, jLiPD78043, and 
/iPD78044 contain 16K, 24K, and 32K bytes of Internal 
ROM, respectively. The /iPD78P044 contains 32K bytes 
of UV EPROM or one-time programmable ROM. To allow 
the/iPD78P044 to emulate the mask ROM devices, the 
amount of Internal program memory available in the 
/iPD78P044 can be selected using the memory size 
switching register (IMS). 

Internal RAM 

Internal RAM comprises three types; high-speed, 
buffer, and FIP display. The /iPD78042 has 624 bytes of 
internal RAM and the ^PD78043/044/P044 have 1136 
bytes. 

High-speed RAM contains the general register banks 
and the stack. Unused portions of RAM and unused 
register bank locations are available for general stor¬ 
age. The ^PD78042 has 512 bytes (FDOOH-FEFFH) of 
high-speed RAM; the jl/PD 78043/044/P044 has 1024 
bytes (FBOOH-FEFFH). 

All devices contain 64 bytes (FA80H-FAFFH) of buffer 
RAM and 48 bytes (FA50H-FA7FH) of FIP display RAM. 
The buffer area Is used for the automatic transfer mode 
of serial Interface 1 or for general storage. The FIP 
display area Is for display data; unused portions are 
available for general storage. 

CPU Control Registers 

Program Counter. The program counter is a 16-bit 
binary counter register that holds the address of the 
next instruction to be executed. During reset, the 
program counter is loaded with the address stored in 
locations OOOOH and 0001H. 

Stack Pointer. The stack pointer Is a 16-bit register that 
holds the address of the last item pushed onto the 
stack. It Is decremented before new data is pushed 
onto the stack and incremented after data is popped 
off the stack. 
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Figure 2. Memory Map 


OOOOH 


1) Relative Addressing 

2) Immediate Addressing 

3) Table Indirect Addressing 

4) Register Addressing 


Notel 


1) Direct Addressing 

2) Register Indirect Addressing 

3) Based Addressing 

4) Based Indexed Addressing 


FA4FH 

FA50H 


FA7FH 

FACOH 


FAFFH 

FBOOH 


Note 2 


Register Addressing 

I_ 


SFR Addressing 

I 


FFOOH 


Internal 
Program 
Memory 
(ROM/PROM) I 


Use 

Prohibited 


OOOOH 

003FH 

0040H 

007FH 

0080H 

07FFH 

0800H 


OFFFH 

1000H 


Notel 


Interrupt Vector 
Address Table Area 


CALLT Table Area 


Program Area 


CALLF Entry 
Area 


Program Area 


Program 

Memo7 



General ”j 
Registers I 


Special 

Function 

Register 

(SFR) 


FE20H 


i 



General RAM 





Short Direct 

FEDFH 


Addressing 

FEEOH 

General Registers 

(256 Bytes) 

FEFFH 




FFOOH 

32 Bytes of 



^ FF1FH 

SFR Area 

' 



Notes: 

(1) 3FFFH on 78042 
5FFFH on 78043 
7FFFH on 78044/P044 

(2) FCFFH on 78042 
FAFFH on 78043^044/P044 
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Program Status Word. The program status word 
(PSW) is an 8-blt register containing flags that are set 
or reset according to the results of an Instruction 
execution. This register can be written to or read from 
8 bits at a time. The Individual flags can also be 
manipulated on bIt-by-bIt basis. The assignment of 
PSW bits follows: 



CY Carry flag 

ISP InservIce (Interrupt) priority flag 

RBSO, RBS1 Register bank selection flags 

AC Auxiliary carry flag 

Z Zero flag 

IE Interrupt enable flag 


General-Purpose Registers 

The general-purpose registers (figure 3) are in four 
banks at addresses FEEOH to FEFFH in high-speed 
Internal RAM. Each bank comprises eight 8-bit regis¬ 
ters, which can be paired as four 16-bit registers. Bits 
RBSO and RBS1 in the PSW, set under program control, 
identify the active register banks at any time. 

Eight-bit registers have functional names A, X, B, C, D, 
E, H, L, and absolute names RO thru R7; the four 16-bit 
registers have functional names AX, BC, DE, HL and 
absolute names RPO thru RP3. Either the functional or 
absolute name is acceptable for the operand identifier 
“r” or “rp” in an Instruction. 


Figure 3. General-Purpose Registers 
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Addressing 

The program memory addressing (ROM) modes pro¬ 
vided are relative, immediate, table Indirect, and regis¬ 
ter addressing. The operand addressing modes pro¬ 
vided are Implied, register, direct, short direct (saddr), 
special-function (SFR), register indirect, based, based 
indexed, and stack addressing. 

The SFR addressing and saddr addressing modes use 
direct addressing and require only 1 byte in the instruc¬ 
tion to address RAM. Normally a 65K byte address 
space requires 2 bytes to address it. One-byte address¬ 
ing results In faster access times, si nee the instructions 
are shorter. SFR addressing addresses the entire 256- 
byte SFR address space from FFOOH to FFFFH. Saddr 
addressing (see figure 2) addresses the 256-byte ad¬ 
dress space FE20H to FF1FH. FE20H to FEFFH are 
composed of 224 bytes of internal high speed RAM; 
FFOOH to F F1FH contai n the first 32 bytes in the special 
function register area. 

One-byte addressing is accomplished by using the first 
byte of the instruction for the opcode (and one oper¬ 
and If register A or AX Is used) and the second byte of 
the instruction as an address (offset) into the 256-byte 
area. If register A or AX is used, the instructions are 2 
bytes long thereby providing fast access times. If Im¬ 
mediate data is used, the Instruction will be 3 or 4 bytes 
long depending upon whether the Immediate data is a 
byte or a word. Many 16-blt SFRs are in the space 
FFOOH to FF1FH. Using AX as an operand to these 
SFRs will provide fast access, since the instructions 
will only 2 bytes long. 

Special Function Registers 

The Input/output ports, timers, capture and compare 
registers, and the mode and control registers for the 
peripherals and the CPU are collectively known as 
special function registers (table 1). They are all 
memory-mapped between FFOOH and FFFFH and can 
be accessed either by main memory addressing or by 
one-byte SFR addressing. FFOOH to FF1H can also be 
accessed using saddr addressing. They are 8 or 16 bits, 
as required; many of the 8-bit registers are capable of 
single-bit access as well. 
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Tablet. Special Function Registers __ 

Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

FFOOH 

Porto 

PO 

R/W 

X 

X 

— 

OOH 

FF01H 

Porti 

PI 

R/W 

X 

X 

— 

OOH 

FF02H 

Port 2 

P2 

R/W 

X 

X 

— 

OOH 

FF03H 

Port 3 

P3 

R/W 

X 

X 

— 

OOH 

FF07H 

Port 7 

P7 

R/W 

X 

X 

— 

OOH 

FF08H 

Port 8 

P 8 

W 

X 

X 

— 

OOH 

FF09H 

Port 9 

P9 

W 

X 

X 

— 

OOH 

FFOAH 

Port 10 

PIO 

W 

X 

X 

— 

OOH 

FFOBH 

Port 11 

P 11 

R/W 

X 

X 

— 

OOH 

FFOCH 

Port 12 

P12 

R/W 

X 

X 

— 

OOH 

FF10H-FF11H 

Compare register 00 

CROO 

R/W 

— 

— 

X 

Undefined 

FF12H-FF13H 

Capture register 01 

CR01 

R 

— 

__ 

X 

Undefined 

FF14H-FF15H 

16-bit timer register 

TMO 

R 

— 

_ 

X 

OOH 

FF16H 

Compare register 10 

CR10 

R/W 

— 

X 

— 

Undefined 

FF17H 

Compare register 20 

CR20 

R/W 

— 

X 

— 

Undefined 

FF18H 

8 -blt timer register 1 

TM1 

R 

X 

X 

— 

OOH 

FF19H 

8 -bit timer register 2 

TM 2 

R 

X 

X 

— 

OOH 

FF18H-FF19H 

16-bit timer register 

TMS 

R 

— 

— 

X 

OOOOH 

FF1AH 

Serial I/O shift register 0 

SlOO 

R/W 

— 

X 

— 

Undefined 

FF1BH 

Serial I/O shift register 1 

SI01 

R/W 

— 

X 

_ 

Undefined 

FF1FH 

A/D conversion result register 

ADCR 

R 

— 

X 

— 

Undefined 

FF20H 

Port mode register 0 

PMO 

R/vy 

X 

X 

— 

1FH 

FF21H 

Port mode register 1 

PM1 

R/W 

X 

X 

— 

FFH 

FF22H 

Port mode register 2 

PM2 

R/W 

X 

X 

— 

FFH 

FF23H 

Port mode register 3 

PM3 

R/W 

X 

X 

— 

FFH 

FF27H 

Port mode register 7 

PM7 

R/W 

X 

X 

— 

1FH 

FF2BH 

Port mode register 11 

PM11 

R/W 

X 

X 

— 

FFH 

FF2CH 

Port mode register 12 

PM12 

R/W 

X 

X 

— 

FFH 

FF40H 

Timer clock select register 0 

TCLO 

R/W 

X 

X 

— 

OOH 

FF41H 

Timer clock select register 1 

TCL1 

R/W 

— 

X 

— 

OOH 

FF42H 

Timer clock select register 2 

TCL2 

R/W 

— 

X 

— 

OOH 

FF43H 

Timer clock select register 3 

TCL3 

R/W 

— 

X 

— 

88 H 

FF47H 

Sampling clock select register 

SCS 

R/W 

— 

X 

— 

OOH 

FF48H 

16-bit timer mode control register 

TMCO 

R/W 

X 

X 

— 

OOH 

FF49H 

8 -bit timer mode control register 

TMC 1 

R/W 

X 

X 

— 

OOH 

FF4AH 

Watch timer mode control register 

TMC2 

R/W 

X 

X 

— 

OOH 

FF4EH 

16-bit timer output control register 

TOCO 

R/W 

X 

X 

— 

OOH 

FF4FH 

8 -bit timer output control register 

TOC 1 

R/W 

X 

X 

— 

OOH 

FF60H 

Serial operating mode register 0 

CSIMO 

R/W 

X 

X 

— 

OOH 

FF61H 

Serial bus interface control register 

SBIC 

R/W 

X 

X 

— 

OOH 


12 
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Table 1. Special Function Registers (cent) 





Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

FF62H 

Slave address register 

SVA 

R/W 

— 

X 

— 

Undefined 

FF63H 

Interrupt timing specify register 

SINT 

R/W 

X 

X 

— 

OOH 

FF68H 

Serial operation mode register 1 

CSIM1 

R/W 

X 

X 

— 

OOH 

FF69H 

Automatic data transmit/receive control register 

ADTC 

R/W 

X 

X 

— 

OOH 

FF6AH 

Automatic data transmit/receive address pointer 
register 

ADTP 

R/W 

— 

X 


OOH 

FF6BH 

Automatic data transmission/reception interval 
specification register 

ADTI 

R/W 

X 

X 

— 

OOH 

FF80H 

A/D converter mode register 

ADM 

R/W 

X 

X 

— 

01 H 

FF84H 

A/D converter input select register 

ADIS 

R/W 

— 

X 

— 

OOH 

FFAOH 

Display mode register 0 

DSPMO 

R/W 

(Note 

1 ) 

X 

— 

OOH 

FFA1H 

Display mode register 1 

DSPM1 

R/W 

— 

X 

— 

OOH 

FFA8H 

6 -bit up/down counter mode register 

UDM 

R/W 

X 

X 

— 

OOH 

FFA9H 

6 -bit up/down counter 

UDC 

R/W 

— 

X 

— 

OOH 

FFAAH 

6 -bit up/down counter compare register 

UDCC 

R/W 

— 

X 

— 

OOH 

FFEOH 

Interrupt flag register L 

IFOL 

R/W 

X 

X 

— 

OOH 

FFE1H 

Interrupt flag register H 

IFOH 

R/W 

X 

X 

— 

OOH 

FFE0H-FFE1H 

Interrupt flag register 

IFO 

R/W 

— 

— 

X 

OOOOH 

FFE4H 

Interrupt mask flag register L 

MKOL 

R/W 

X 

X 

— 

FFH 

FFE5H 

Interrupt mask flag register H 

MKOH 

R/W 

X 

X 

— 

FFH 

FFE4H-FFE5H 

Interrrupt mask flag register 

MKO 

R/W 

— 

— 

X 

FFFFH 

FFE8H 

Priority order specify flag register L 

PROL 

R/W 

X 

X 

- 

FFH 

FFE9H 

Priority order specify flag register H 

PROH 

R/W 

X 

X 

— 

FFH 

FFE8H-FFE9H 

Priority order specify flag register 

PRO 

R/W 

— 

— 

X 

FFFFH 

FFECH 

External interrupt mode register 

INTMO 

R/W 

— 

X 

- 

OOH 

FFFOH 

Memory size switch register (Note 2) 

IMS 

W 

— 

X 

— 

C8H 

FFF7H 

Pullup resistor option register 

PUO 

R/W 

X 

X 

— 

OOH 

FFF9H 

Watchdog timer mode register 

WDTM 

R/W 

X 

X 

— 

OOH 

FFFAH 

Oscillation stabilization time select register 

OSTS 

R/W 

— 

X 

— 

04H 

FFFBH 

Processor clock control register 

PCC 

R/W 

X 

X 

- 

04H 


Notes: 

(1) Bits 0-6 are read/write and bit 7 is read only. 

(2) A/PD78P044 only. 
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Input/Output Ports 

There are 68 port lines on each device In the /iPD78044 
family. Table 2 lists the port features and figure 4 shows 
the circuits at the I/O Interfaces. 

Table 2, Digital Port Features 

Port 

iriput/Output 

Notes 

Configuration 

Direct Drive 

Software Puiiup Resistors (Note 1) 

0 

5-bit I/O 

2 

Bit selectable 

— 

Byte selectable, input bits only 

1 

8 -bit I/O 





2 

8 -bit I/O 

— 




3 

8 -blt I/O 

3 

Bit selectable 

LED 


7 

5-bit, n-channel I/O 

4 

Bit selectable 

— 

Not available 

8 

2 -blt, p-channel output 

5, 6 

N/A 

LED, FIP 


9 

8 -bit, p-channel output 

6,7 

NA 

LED, FIP 


10 

8 -bit, p-channel output 

6 , 7,8 

N/A 

LED, FIP 


11 

8 -blt, p-channel I/O 

7 

Bit selectable 

FIP 


12 

8 -bit, p-channel I/O 

7 

Bit selectable 

FIP 



Notes: 


(1) Software pullup resistors can be internally connected (only on a 
port basis) to port bits set to input mode. 

( 2 ) POq and PO 4 are input only and do not have a software pullup 
resistor. 

(3) Mask ROM products: pulldown resistors are selectable per bit 
with a mask option. Not available on the/iPD78P044. 

(4) Mask ROM products; pullup resistors are selectable per bit with 
a mask option. Not available on the /uPD78P044. 

(5) Mask ROM products: pulldown resistors are selectable per bit 
with a mask option (connection to Vlqad of ^ss specifiable as a 
2 -blt unit). 


( 6 ) I/PD78P044: pulldown resistors incorporated for all bits (connec¬ 
tion to Vload)' 

(7) Mask ROM products: pulldown resistors are selectable per bit 
with a mask option (connection to Vload ^SS specifiable as 
4-blt units). 

( 8 ) PIO 0 - PIO 5 ; LED, FIP direct drive. PlOe - PIO 7 : FIP direct drive. 
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Figure 4. Pin Input/Output Circuits 
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Figure 4. Pin input/Output Circuits (cent) 


Type 13 {P7q-P7^: (iPD78P044) 


Type 15 (P 11 o-P 1 l 7 ,P 12 o-P 127 ; nPD78P044) 


Output disable 



MIddle-Hlgh-Voltage Input Buffer 


Type 13-A (PTq ■ P 74 : nPD7804x) 




Type15-A (PIIq-PII 7 ,PI 20 -PI 27 : (iPD7804x) 


Output disable 



MIddle-Hlgh-Voltage Input Buffer 


Type 14 (PBq, P 81 , P9o- P 97 , PIOq - PIO 7 : |xPD78P044) 






[Mask option] 


Type 14-A (P 80 , P 81 , P9o- PQj, PlOg - PIO 7 : [iPD7804x) 


Type 16 (P 04 ,XT 2 ) 




; [Mask option] 


I [Mask option] 

fh 


Feedback 

Cut-off 
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A/D Converter 

The/L/PD78044 family’s analog-to-digital converter (fig¬ 
ure 5) uses the successive-approximation method for 
converting one of eight multiplexed analog Inputs into 
8-bit digital data The minimum conversion time per 
input is 38.1 fjs at 4.19-MHz operation. 

The A/D converter Input select register (ADIS) selects 
the number of Inputs that are used in A/D conversion. 
The remaining inputs are used as ports. The analog 
input to be converted is selected by programming the 


A/D converter mode register (ADM). Conversion is 
started by external interrupt INTP3, or by writing to the 
ADM register. When conversion is completed, the re¬ 
sults are stored in the A/D conversion result register 
(ADCR) and an INTAD interrupt Is generated. 

If the A/D converter was started by an external Inter¬ 
rupt, it stops after the Interrupt Is generated. If the A/D 
converter was started by software, it repeats the con¬ 
version until new data is written to the ADM register. 


Figures. A/D Converter 



Notes: 

(1) Selects number of port 11nputs to be used for A/D conversion. 

(2) Selects the channel for A/0 conversion. 
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Serial Interface 0 

Serial Interface 0 Is an 8-blt, clock-synchronous Inter¬ 
face. It can be operated In three-wire serial I/O mode, 
NEC serial bus Interface (SBI) mode, or two-wire serial 
I/O mode. The serial clock can be provided from one of 
eight internal clocks, t he out put of 8-blt timer register 2, 
or external clock line SCKO. See figure 6. 


Figures. Serial Interface 0 
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Three-Wire Interface. In the three-wire serial I/O mode, 
the 8-bit shift register (SlOO) is loaded with a data byte 
and eight clock pulses are generated. The clock pulse 
falling edges shift the data byte out to the SOO line 
(either MSB or LSB first), while the rising edges shift 
data In from the SIO line, providing full-duplex opera¬ 
tion. The INTCSIO interrupt is generated after each 
8-bit transfer. 

SBI Interface. The NEC SBI mode Is a two-wire, high¬ 
speed, proprietary serial interface available on most 
devices In the NEC /iPDTSxxx and /iPD78xxx families. 
Devices are connected In a master/slave configuration. 
See figure 7. There Is only one master device at a time; 
ail others are slaves. The master sends addresses, 
commands, and data over one of the serial bus lines 
(SBO or SB1) u sing a fixed hardware protocol synchro¬ 
nized with the SCKO line. 

Each slave device of the /iPD78044 family can be 
programmed to respond in hardware to any one of 256 
addresses set in Its slave address register (SVA). There 
are also 256 commands and 256 data types. Since all 
commands are user definable, many software proto¬ 
cols, simple or complex, can be defined. It is even 
possible to develop commands that change a slave 
into a master and the previous master into a slave. 


Figure?. SBI Mode Master/Stave Configurtion 



Two-Wire Interface. The two-wire serial I/O mode pro¬ 
vides half-du plex op eration using either the SBO or SB1 
line and the SCKO line. Communication format and 
handshaking can be handled in software by controlling 
the output levels of the data and clock lines between 
transfers. For data transmission, when 8-blt shift regis¬ 
ter (SlOO) Is loaded with a data byte and eight clock 
pulses are generated. The falling edges shift the data 
byte out either the SBO or SB1 line, MSB first. In 
addition, this data byte is also shifted back into SlOO on 
the rising pulse edges providing a means of verifying 
that the transmission was correct. 

For data reception, the SlOO register is preloaded with 
the value FFH. As this data value is shifted out on the 
falling edge of the serial clock, it disables the n-channel 
open-drain driver. This allows the receive data to be 
driven onto the serial line and shifted into the SlOO 
register on the rising edge of the serial clock. The 
INTCSIO interrupt is generated after each 8-bit transfer. 

Serial Interface 1 

Serial interface 1 Is also an 8-bit, clock-synchronous 
interface (figure 8). It can be operated In either a 
three-wire serial I/O mode or a three-wire serial I/O 
mode with automatic transmit/receive. The serial clock 
can also be provided from one of eight internal clocks 
(common clock for both interfaces), the o utput o f 8-bit 
timer register 2, or the external clock line SCK1. 

Three-Wire. In the three-wire serial I/O mode, the 8-bit 
shift register (SI01) is loaded with a data byte and eight 
clock pulses are generated. The clock pulse falling 
edges shift the data byte out of the S01 line (MSB or 
LSB first) while the rising edges shift the data in from 
the SI1 line, providing full-duplex operation. The IN- 
TCS11 interrupt is generated after each 8-bit transfer. 

Three-Wire With Auto Xmt/Rcv. In the three-wire serial 
I/O mode with automatic transmit/receive, up to 64 data 
bytes can be transferred with minimal CPU overhead. 
The data to be transmitted and received is stored in the 
buffer RAM. Handshaking over the BUSY input line or 
the strobe (STB) output line, or both, can be selected 
by the program. Error detection of bit drift due to noise 
is available for each byte transferred when using the 
BUSY input line. This automatic transmit/receive mode 
Is ideally suited for transferring data to/from external 
peripheral devices such as on-screen display (OSD) 
and LSC controller/driver devices. 
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Figures, Serial interface 1 
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While in three-wire serial I/O mode with automatic data 
transfer, the interface can be operated full duplex or 
transmit only In single or repetitive operation. In full 
duplex, a data byte is transferred from the first location 
in the buffer RAM and shifted out the S01 line (MSB or 
LSB first) while the received data Is shifted In the SI1 
line and stored back in the first buffer location. After 
the preset number of bytes have been transferred, the 
INTCSI1 interrupt Is generated. 

In single-operation transmit mode, the preset number 
of bytes from the buffer RAM are transmitted out the 
S01 line (MSB or LSB first) and the INTCSI1 interrupt is 
generated after all bytes have been transferred. In 
repetitive-operation transmit mode, data in the buffer 
is transmitted repeatedly. 


Timers 


The pPD78044 family has a 16-bit timer/event counter, 
two 8-bit timer/event counters (combinable for 16-bit 
operation), a 6-bit up/down counter, a watch timer, and 
a watchdog timer. All except the up/down counter can 
be programmed to count a number of prescaled values 
of the main system clock. The watch timer can also 
count the subsystem clock. All timer/event counters 
and the up/down counter can count external events. 


16 -Bit Timer/Event Counter 0 . Timer/event counter 0 
(figure 9) includes a 16-bit counter (TMO), a 16-bit 
compare register (CROO), a 16-bit capture register 
(CR01), and a timer output (TOO). Timer 0 can be used 
(1) as an interval timer, (2) to count external events on 
the timer input (TIO) pin, (3) to output a programmable 
square wave or a 14-bit pulse-width modulated output, 
or (4) to measure pulse widths. 



Figure 9, IG-Bit Timer/Event Counter 0 
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8-Blt Timer/Event Counters 1 and 2. Timer/event 
counters 1 and 2 (figure 10) each consists of an 8-bit 
timer register (TM1 orTM2), an 8-bit compare register 
(CR10 or CR20), and a timer output control logic (T01 
or T02). The timers are controlled by registers TCL1, 
TMC1, and TOC1 via five selectors. Timer/event 
counters 1 and 2 each can be used as an 8-bit Interval 
timer, to count external events on timer input pin Til or 
TI2, or to output a programmable square wave. Also, 
timers 1 and 2 can be combined as a 16-blt timer/event 
counter and used as a 16-bit interval timer, to count 
external events on Til, or to output a programmable 
square wave on T02. 


Figure 10. 8~Bit Timer/Event Counters 1 and 2 



* Rising or falling edge can be selected. 

_ 83YL-9360B 
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6-Bit Up/Down Counter. The up/down counter (figure 
11) includes counter UDC and compare register UDCC. 
It counts external events (up or down) on the counter 
input pin (CIO) and generates an Interrupt (INTUD) 
when the count matches the compare register. The 
counter Is loaded with -1 (down-count mode) or 
cleared (up-count mode) upon interrupt generation. 


Figure 11. 6-Bit Up/Down Counter 


ci(ypo3^ 

INTP3 
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Watch Timers. Watch timer 3 (figure 12) is a 5-bit timer 
that can be used as a time source to keep track of time 
of day, to release the STOP or HALT mode at regular 
intervals, or to Initiate any other task that must be 
performed at regular Intervals. When driven by the 
subsystem clock, the watch timer continues to operate 
in the STOP mode. 

The watch timer can function as both a watch timer and 
an interval timer simultaneously. In watch timing, inter¬ 
rupt request INTWT (not a vectored interrupt) can be 
generated using the main system clock every 0.5 or 1.0 
second or by using the subsystem clock every 0.5 or 
0.25 second. 

In interval timing, vectored Interrupt request INTTM3 is 
generated at preselected time intervals. With a 4.19- 
MHz main system clock, the following time intervals 
can deselected: 978^s; 1.96,3.91,7.82,15.6, or31.3 ms. 
With a 32.768-kHz subsystem clock, the following time 
Intervals can be selected: 488 or 978/is; 1.96,3.91, 7.82, 
or 15.6 ms. 

Watchdog Timer. The watchdog timer (figure 13) can 
also perform interval timing. As a watchdog timer, it 
protects against Inadvertent program run-away. It can 
be selected to generate a nonmaskable interrupt (IN- 
TWDT), which vectors to address 0004H, or to generate 
an internal reset signal, which vectors to the restart 
address OOOOH if the timer is not cleared by the pro¬ 
gram before it overflows. Eight program-selectable 
intervals based on the main system clock are available. 
With a 4.19-MHz main system clock, they are 0.489, 
0.978, 1.96, 3.91, 7.82, 15.6, 31.3, and 125 ms. Once 
initialized and started, the timer cannot change modes 
and can be stopped only by an external reset. 

In interval timing, maskable interrupts (INTWDT), which 
vector to address 0004H, are generated repeatedly at a 
preset Interval. The time intervals available are the 
same as in the watchdog timer mode. 

Programmable Clock Output 

ThepPD78044 family has a programmable clock output 
(PCL) that can be used as carrier output for remote 
controlled transmissions or as clock output for periph¬ 
eral devices. The main system clock (fx) divided by 8, 
16, 32, 64, 128, or 256 or the subsystem clock (fxi) can 
be output on the PCL pin. With a4.19-MHz main system 
clock, the following frequencies are available: 524, 262, 
131, 65.5, 32.7, and 16.4 kHz. With a 32.768-kHz sub¬ 
system clock, 32.768 kHz is also available. See figure 
14. 


Buzzer Output 

The /iPD78044 family also has a programmable buzzer 
output (BUZ). The buzzer output frequency can be 
programmed to equal the main system clock (fx) di¬ 
vided by 1024, 2048, or 4096. With a 4.19-MHz main 
system clock, the buzzer can be set to 4.1, 2.0, or 1.0 
kHz. See figure 15. 

FIP Controller/Driver 

The /iPD78044 family can directly drive up to 34 FIP 
(fluorescent indicator panel) display output lines of 
which 9 to 24 segments and 2 to 16 digits can be 
selected through software. The number of digits Is 
selected by display mode register 0 (DSPMO) and the 
number of segments by display mode register 1 
(DSPM1). If an attempt Is made to select a total of more 
than 34 digit and segment outputs, the digit selection 
will take priority. Any unused pins can be used as 
outputs or I/O depending on the type. 

There are 48 bytes of display data RAM mapped from 
FA50H to FA7FH. Each display memory bit corre¬ 
sponds to a specific display element. Any bits not used 
for FIP display can be used for general purpose. 

Segment and digit signal output is automatically con¬ 
trolled by a DMA operation from the FIP controller to 
the display data RAM. The display cycle period is 
1024/fx or 2048/fx. Register DSPM1 selects the display 
cycle and one of eight Intensity levels. The on-chip 
circuitry controls the intensity level by varying the 
driving signal pulse width. 

The on-chip circuitry has been designed to allow easy 
interface to a keyboard. At the end of the display cycle, 
vectored interrupt INTKS Is generated and the control¬ 
ler outputs key scan data (ports 11 and 12) on segment 
output pins FIP18to FIP33. Flag KSF indicates key scan 
or display timing to the key scan software routine. 

Pulldown resistors for all FIP lines are mask-selected 
and can be connected to Vload or Vss- Pulldown 
resistors for FlPO to FIP17 lines are Incorporated in the 
/L/PD78P044 and are connected to Vload- 
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Figure 12, Watch Timer 3 



Figure 13, Watchdog Timer 
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Figure 14, Programmable Clock Output 



Figure 15, Buzzer Output 
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Figure 16, FIP Controller/Driver 
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Interrupts in addition, there is one nonmaskable interrupt from the 

The a(PD 78044 family has 14 maskable hardware inter- watchdog t^er, one software interrupt and a RESET 
rupt sources; four are external, nine are internal, and watchdog timer overflow interrupt (mter- 

one (INTP3/INTUD) can be set for either external or vector table address 0004H) can be initialized to 

internal. Thirteen of them cause a vectored interrupt: P®, ® nonmaskable interrupt or the highest default 
one testable input-only generates an interrupt request. priority maskable interrupt. The software interrupt gen- 
All 14 maskable Interrupts can be used to release the erated by the BRK Instruction is not maskable. See 

HALT mode except INTPO (when SCS = 0) and INTKS; table 3 and figure 17. 

all except INTKS and INTPO can release the STOP 
mode. 


Table 3. Interrupt Sources and Vector Addresses 


Type of 
Request 

Default 

Priority 

Signal Name 

Interupt Source 

Location 

Vector Interrupt 

Address Configuration 

Restart 

— 

RESET 

RESET Input pin 

External 

OOOOH 

— 



INTWDT 

Watchdog timer overflow (when reset mode 
selected) 

Internal 



Nonmaskable 


INTWDT 

Watchdog timer overflow 

(when nonmaskable Interrupt selected) 

Internal 

0004H 

A 

Maskable 

0 

INTWDT 

Watchdog timer overflow 
(when Interval timer selected) 

Internal 

0004H 

B 


1 

INTPO 

External Interrupt edge detection 

External 

0006H 

C 


2 

INTP1 

External interrupt edge detection 

External 

0008H 

D 


3 

INTP2 

External interrupt edge detection 

External 

OOOAH 

D 


4 

INTP3 

External interrupt edge detection 

External 

OOOCH 

D 



INTUD 

Up/down counter coincidence signal 

Internal 


B 


5 

INTCSiO 

End of clocked serial Interface 0 transfer 

Internal 

OOOEH 

B 


6 

INTCSI1 

End of clocked serial Interface 1 transfer 

Internal 

0010H 

B 


7 

INTTM3 

Watch timer reference time interval signal 

Internal 

0012H 

B 


8 

INTTMO 

16-blt timer/event counter coincidence signal 

Internal 

0014H 

B 


9 

INTTM1 

8-bit timer/event counter 1 coincidence signal 

Internal 

0016H 

B 


10 

INTTM2 

8-bit timer/event counter 2 coincidence signal 

Internal 

0018H 

B 


11 

INTAD 

End of A/D conversion 

Internal 

001 AH 

B 


12 

INTKS 

Key scan interrupt generated by FIP controller 

Internal 

001CH 

B 

Software 


— 

BRK instruction 

Internal 

003EH 

E 

Test input 


INTWT 

Clock timer overflow 

Internal 

- 

F 
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Figure 17. Interrupt Configuration 
Type A: Internal nonmaskable Interrupt 



Type B: Internal maskable interrupt 



Type C: External maskable Interrupt (INTPO) 
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Figure 17. Interrupt Configuration (cont) 


Type D: External maskable Interrupt (except INTPO) 



Signal 


TypeE: Software interrupt 


TypeF: Test input 


Interrupt 

Request 



Abbreviations: 

IF: Interrupt request flag 
IE: Interrupt enable flag 
ISP: In-servica priority flag 
MK: Interrupt mask flag 
PR: Priority specify flag 

83YL-936Sa(2) 
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Interrupt Servicing. The /L/PD78044 family provides 
two levels of programmable hardware priority control 
and services all Interrupt requests except the testable 
interrupt (INTWT) using vectored interrupts. The pro¬ 
grammer can choose the priority of servicing each 
maskable interrupt by the interrupt control registers. 

Interrupt Control Registers. The/iPD78044 family has 
three 16-bit Interrupt control registers. The interrupt 
request flag register (IFO) contains an interrupt request 
flag for each interrupt. The interrupt mask register 
(MKO) Is used to enable or disable any individual inter¬ 
rupt. The priority flag register (PRO) can specify a high 
or a low priority level for each interrupt except the 
testable interrupt (INTWT). 

Three other 8-bit registers are associated with interrupt 
processing. The external interrupt mode register 
(INTMO) selects a rising or falling edge (or both) as the 
valid edge for external interrupts INTPO, INTP1, and 
INTP2 (INTP3 is always falling edge). The sampling 
clock select register (SCS) selects a sampling clock for 
the noise eliminator circuit on external Interrupt INTPO. 

The IE and ISP bits of the program status word also 
control interrrupts. If the IE bit Is zero, all maskable 
interrupts are disabled. The IE bit can be set or cleared 
by the El or Dl instruction, respectively, or by directly 
writing to the PSW The IE bit is cleared each time an 
Interrupt is accepted. The ISP bit is used by hardware 
to hold the priority level flag of the interrupt being 
serviced. 

Interrupt Priority. If the watchdog timer overflow inter¬ 
rupt (INTWDT) has been initialized to be a nonmask¬ 
able interrupt. It has priority over all other Interrupts. 
Two hardware-controlled priority levels are available 
for all maskable interrupts that generate a vectored 
Interrupt (that Is, all except the testable Interrupt). 
Either a high or a low priority level can be assigned by 
software to each of the maskable interrupts. 

Interrupt requests of the same priority or a priority 
higher than the processor’s current priority level are 
held pending until interrupts in the current service 
routine are enabled by software or until one Instruction 
has been executed after returning from the current 
service routine. Interrupt requests of a lower priority 
are always held pending until one instruction has been 
executed after returning from the current service rou¬ 
tine. 

The default priorities in table 3 are fixed by hardware; 
they are effective only when necessary to choose 
between two interrupt requests of the same software- 
assigned priority. For example, after the completion of 


a high-priority routine, If two interrupts of the same 
software priority were pending. 

The software interrupt, initiated by the BRK Instruc¬ 
tion, is executed regardless of the procesor’s priority 
and the state of the IE bit. It does not alter the proces¬ 
sor’s priority. 

Vectored Interrupt Servicing. When a vectored Inter¬ 
rupt is acknowledged, the program status word and 
the program counter are saved on the stack, the pro¬ 
cessor’s priority is set to that specified for the inter¬ 
rupt, the IE bit in the PSW is set to zero, and the routine 
whose address is in the Interrupt vector table Is en¬ 
tered. At the completion of the service routine, the RETI 
instruction (RETB instruction for the software Inter¬ 
rupt) reverses the process and the jL/PD78044 family 
microcomputer resumes the interrupted routine. 

Standby Modes 

The HALT, STOP, and data retention modes reduce 
power consumption when CPU action is not required. 

The HALT mode is entered by executing a HALT in¬ 
struction while the CPU Is operating from the main 
system or subsystem clock. In HALT mode, the CPU 
clock is stopped while the main system and the sub¬ 
system clock continue to run. The HALT mode Is re¬ 
leased by any unmasked interrupt request (except 
INTPO if register SCS = 0 and INTKS), a nonmaskable 
interrupt request, an unmasked test input, or an exter¬ 
nal reset pulse. 

Power consumption may be further reduced by the 
STOP mode. The STOP mode is entered by executing a 
STOP instruction while operating from the main sys¬ 
tem clock. In STOP mode, the main system clock input 
pin XI is Internally grounded, stopping both the CPU 
and the peripheral hardware clock. The STOP mode is 
released by any unmasked interrupt request except 
INTPO and INTKS, a nonmaskable interrupt request, an 
unmasked test input, or an external reset pulse. 

Any peripheral using the main oscillator as a clock 
source will also be disabled In the STOP mode and 
interrupts from such a peripheral cannot be used to 
exit the STOP mode. Table 4 summarizes the HALT and 
STOP standby modes. 

When exiting the STOP mode, await time occurs before 
the CPU begins code execution to allow the main 
system clock oscillator circuit to stabilize. The oscilla¬ 
tion stabilization time Is selected by programming the 
OSTS register with one of five values before entering 
the STOP mode and ranges from 2i2/fx to 2i7/fx sec¬ 
onds. 
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Table 4. Standby Mode Operation Status 

Item 

HALT Mode 

STOP Mode 

Setting instruction 

HALT instruction 

STOP instruction 

System clock when setting 

Main system or subsystem clock 

Main system clock 

Clock oscillator 

Main system and subsystem clocks can 
oscillate: CPU clock is stopped. 

Subsystem clock can oscillate; CPU and main 
system clocks are stopped. 

CPU 

Operation stopped 

Operation stopped 

Ports 

Maintain previous state 

Maintain previous state 

16-blt timer/event counter 

Operational from main system clock 

Operation stopped 

8-bit timer/event counters 

Operational from main system clock or with TI1 
and TI2 selected as the count clock 

Operational only with TI1 and TI2 as count 
clock 

6-bit up/down counter 

Operable 

Operable 

FIP controller/driver 

Inoperable 

Inoperable 

Watch timer 

Operational from main system clock or with fxj 
as count clock 

Operational only with fxj as count clock 

Watchdog timer 

Operational from main system clock 

Operation stopped 

Serial interface 0 

Operational from main system clock or with 
external clock 

Operational only with external clock 

Serial Interface 1 

Operational from main system clock or with 
external clock; no automatic transmit/receive 
mode 

Operational only with external clock; no 
automatic transmit/receive mode 

A/D converter 

Operational from main system clock 

Operation stopped 

External interrupts 

Operational except for INTPO when Its sampling 
clock is based on the CPU clock 

INTPO not operational: INTP1 to INTP3 
operational 


Once in the STOP mode, power consumption can be 
further minimized by lowering the power supply volt- 
Vdd to 2 volts. This places the device in the data 
retention mode. The contents of internal RAM and the 
registers are retained. This mode is released by first 
raising Vdd to the proper operating range and then 
releasing the STOP mode. 

External Reset 

The /iPD78044 family is reset by taking the RESET pin 
low or by an over flow of the watchdog timer (if en¬ 
abled). The RESET Input pin Is a Schmitt trigger Input 
with hysteresis characteristics to protect again st spu- 
rious system resets by noise. On power-up, the RESET 
pin must remain low for 10 fjs minimum after the power 
supply reaches its operating voltage. 

There is no functional difference between an external 
reset and an internal reset caused by watchdog timer 
overflow. In both cases, the main system clock oscilla¬ 
tion is stopped and the subsystem clock oscillation 
continues. During reset, the program counter Is loaded 
with the address in the reset vector (addresses OOOOH, 
0001H). Once the reset is cleared and the oscillation 
stabilization time of 2^'^/fx has elapsed, program exe¬ 
cution starts at that address. 
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MEC (AIPD78052/053/054/P054) 

NEC Electronics Inc. 8‘Bit, K-Series Microcontrollers 

With UART, A/D and D/A Converters 

Preliminary __September 1993 


Description 

The j[;PD78052, /iPD78053, /iPD78054, and /iPD78P054 
are members of the K-Series® of microcontrollers fea¬ 
turing an A/D and a D/A converter, UART, 8-bit hard¬ 
ware multiply and divide instructions, bit manipulation 
Instructions, four banks of main registers, an advanced 
Interrupt handling facility, and a powerful set of 
memory-mapped on-chip peripherals. 

Timing Is generated by two oscillators. The main oscil¬ 
lator normally drives the CPU amd most peripherals. 
The 32.768-kHz subsystem oscillator provides time 
keeping when the main oscillator Is turned off. Since 
CMOS power dissipation is proportional to clock rate, 
the 78054 family provides a software selectable in¬ 
struction cycle time from 0.40 //s to122 /is. The STOP 
and HALT modes turn off parts of the microcontroller 
for additional power savings. The data retention mode 
keeps RAM contents valid down to 2.0 volts. 

These devices are ideally suited for applications in 
portable battery-powered equipment, office automa¬ 
tion, communications, consumer electronics, home 
appliances, and fitness equipment. 

K-Series is a registered trademark of NEC Electronics, Inc. 

Features 

□ Eight-channel 8-bit A/D converter 

□ Two-channel 8-bit D/A converter 

— Real-time output capability 

□ Three-channel serial communication interface 

— 8-bit clock-synchronous interface 0 
Full-duplex, three-wire mode 
Half-duplex, two-wire mode 

NEC serial bus interface (SBI) mode 

— 8-bit clock-synchronous Interface 1 
Full-duplex, three-wire mode 

Automatic transfer, full-duplex, three-wire mode 

— Serial interface 2 
Full-duplex, three-wire mode 
UART mode 

□ Timers: five channels 
—Watchdog timer 

— 16-bit timer/event counter 

—Two 8-bit timer/event counters usable as one 
16-bit timer/event counter 
—Watch (clock) timer 


□ 69 I/O lines 

— Two CMOS input-only lines 

— 63 CMOS bidirectional I/O lines 

— One real-time output port operable in one 8-blt 
or two 4-bit units 

— Four n-channel, open-drain I/O lines at 15 V 
maximum 

— Software selectable pullup resistors on 63 lines 

— Mask option pullup resistors on four lines 
available on ROM versions 


□ External memory expansion 

— 64K bytes total memory space 

° Powerful instruction set 

— 8-bit unsigned multiply and divide 

— 16-bit arithmetic and data transfer instructions 

— 1-bit and 8-bit logic instructions 

□ Minimum instruction execution times: 

— 0.4/0.8/1.6/3.2/6.4 fjs program selectable using 
5-MHz main system clock 

—122 fJs using 32.768-kHz subsystem clock 

□ Memory-mapped on-chip peripherals 

— Special function registers 

□ Programmable priority, vectored-interrupt 
controller (two levels) 

□ Programmable buzzer and clock outputs 

□ Power saving and battery back up 

— Variable CPU clock rate 

— STOP mode 

— HALT mode 

— 2-V data retention mode 



□ CMOS operation; Vdd from 2.7 to 6.0 V 


Internai High-Capacity ROM and RAM 



78052 

78053 

78054 

78P054 

ROM 

16K bytes 

24K bytes 

32K bytes 

— 

PROM 

— 

— 

— 

32K bytes 

High-speed 

RAM 

512 bytes 

1024 bytes 

1024 bytes 

1024 bytes 

Serial buffer 
RAM 

32 bytes 

32 bytes 

32 bytes 

32 bytes 


50624 
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Ordering Information 

Part Number 

ROM 

Package 

Package Drawing 

//PD78052GC-XXX-3B9 

16K mask ROM 

80-pin plastic QFP 

S80GC-65-3B9-1 

iuPD78053GC.xxx-3B9 

24K mask ROM 



/iPD78054GC-xxx-3B9 

32K mask ROM 



/iPD78P054GC-3B9 

32K OTP ROM 



//PD78052GK-XXX-BE9 

16K mask ROM 

80-pln plastic TQFP 

P80GK-50-BE9-1 

//PD78053GK-XXX-BE9 

24K mask ROM 



/iPD78054GK-xxx-BE9 

32K mask ROM 



/yPD78P054GK-BE9 

32K OTP ROM 



/iPD78P054KK-T 

32K UV EPROM 

80-pin ceramic LCC w/window 

X80KW-65A 


Notes: 

(1) XXX indicates ROM code suffix 

(2) Ail devices listed are standard quality grade 
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Pin Configurations 

80-Pin Plastic QFP, Plastic TQFP, or Ceramic LCC 
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PI 5 /ANI 5 c 

'0 

60 

□ RESET 

pie/ANie c 

2 ^ 

59 

□ PI 27 /RTP 7 

PI 7 /ANI 7 c 

3 

58 

□ P126/RTP6 

AVssC 

4 

57 

□ PI 25 /RTP 5 

P13(/ANOO C 

5 

56 

□ PI 24 /RTP 4 

P131/AN01 C 

6 

55 

□ PI 23 /RTP 3 

avrefi C 

7 

54 

□ P122/RTP2 

P7o/SI2/RxD C 

8 

53 

□ PI 21 /RTPI 

P7i/S02/TxD C 

9 

52 

□ PI 20 /RTPO 

P72/SCK2^ASCK C 

10 

51 

□ P37 

P20/SI1 C 

11 

50 

□ P36/BUZ 

P2i/S01 C 

12 

49 

□ P 35 /PCL 

P22/SCKi C 

13 

48 

□ P34/n2 

P 23 /STB E 

14 

47 

□ P33/ni 

P 24 /BUSY c 

15 

46 

□ P32/T02 

P 25 /SI(ySB 0 c 

16 

45 

□ P31/T01 

P 26 /SO(ySB 1 c 

17 

44 

□ P30/TOO 

P 27 /SCKO E 

18 

43 

□ P 67 /ASTB 

P4(/ADo E 

19 

42 

□ P6Q/Wm 

P4i/ADi E 

20 

41 

□ Pes/WR 




Ql Oi (L Ct Q. (L 

Notes: 

(1) Connect IC (Internally connected) pin (V ppon nPD78P054) to V ss 

(2) AVdd should bo connected to Vqd- 

(3) AVss should bo connected to Vss- 
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Pin Functions; Normai Operating Mode 

Symbol 

First Function 

Symboi 

Alternate Function 

POo 

Port 0 ; 8 -bit, bit seiectabie i/0 port 

INTPO 

External maskable interrupt 


(Bits 0 and 7 are input only) 

TIO 

External count clock input to timer 0 or timer 0 
capture trigger to capture registers CROO and CR01 

POi 


INTP1 

External maskable interrupt 



TI01 

Timer 0 capture trigger to capture register CROO 

P02 


INTP2 

External maskable interrupt 

P 03 


1NTP3 


P 04 


INTP4 


P 05 


INTP5 


POe 


INTP 6 


PO 7 


XT 1 

Crystal oscillator or external clock input for 
subsystem clock 

P10-P17 

Port 1; 8 -bit, bit-selectable I/O port 

ANI0-ANI7 

Analog input to A/D converter 

P2o 

Port 2; 8 -bit, bit-selectable I/O port 

SI1 

Serial data input three-wire serial I/O mode 

P2i 


S01 

Serial data output three-wire serial I/O mode 

P22 



Serial clock I/O for serial interface 1 

P23 


STB 

Serial interface automatic transmit/receive strobe 
output 

P24 


BUSY 

Serial interface automatic transmit/receive busy input 

P25 


SIO 

Serial data input three-wire serial I/O mode 



SBO 

2/3-wire serial I/O mode 

P26 


SOO 

Serial data output three-wire serial I/O mode 



SB1 

2/3-wire serial I/O mode 

P27 


sera 

Serial clock I/O for serial interface 0 

P3o 

Port 3; 8 -bit, bit-selectable I/O port 

TOO 

Timer output from timer 0 

P3i 


T01 

Timer output from timer 1 

P32 


T02 

Timer output from timer 2 

P33 


TI 1 

External count clock input to timer 1 

P34 


TI2 

External count clock input to timer 2 

P35 


POL 

Programmable clock output 

P36 


BUZ 

Programmable buzzer output 

P37 


— 


P4 o-P 47 

Port 4; 8 -blt I/O port 

ADo - AD 7 

Low-order 8 -bit multiplexed address/data bus for 
external memory 

P5 o-P 57 

Port 5; 8 -bit, bit seiectabie I/O port 

As - Ai5 

High-order 8 -bit address bus for external memory 

P60-P63 

Port 6 ; 8 -bit, bit selectable (P 60 to P 63 

— 


P 64 

n-channel, open-drain I/O with mask option 
pullup resistors: P 64 - P 67 I/O). See note. 

w 

External memory read strobe 

P 65 

WR 

External memory write strobe 

P66 


\NMf 

External memory wait signal input 

P 67 


ASTB 

Address strobe used to latch address for external 
memory 
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Pin Functions; Normal Operating Mode (cont) 

Symbol 

First Function 

Symbol 

Alternate Function 

P7o 

Port 7; 3-bit, bit-selectable I/O port 

SI2 

RxD 

Serial data input three-wire serial I/O mode 
Asynchronous serial data input 

P7l 


S02 

TxD 

Serial data output three-wire serial I/O mode 
Asynchronous serial data output 

P72 


S^ 

ASCK 

Serial clock I/O for serial interface 2 

Asynchronous serial clock input 

P12o- 

PI 27 

Port 12; 8 -bit selectable I/O port 

RTPO- 

RTP7 

Real-time port 

P13o, 

P13i 

Port 13; 2-bit selectable I/O port 

ANOO, 

AN01 

Analog output for D/A converter 

RESET 

External system reset input 



X1 

Crystal/ceramic resonator connection or 
external clock input for main system clock 



X2 

Crystal/ceramic resonator connection or 
inverse of external clock for main system 
clock 



XT2 

Crystal oscillator or left open when not 
using the subsystem clock 



AVrefo 

A/D converter reference voltage 



AVrefi 

D/A converter reference voltage 



AVdd 

A/D converter power supply input 



AVss 

A/D and D/A converter ground 



VdD 

Power-supply input 



Vpp 

^PD78P054 PROM programming power- 
supply input 



Vss 

Power-supply ground 



1C 

Internal connection 




Note: See table 2 and figure 4 for details. 
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Block Diagram 


TO{yP3o - 
TIOO/INTP(yPOo- 
TI(yiNTP1/P0i - 


16-blt Timer/ 
Event Counter 


SI 0 /SB(yP 25 ' 
SOO/SB1/P26 - 
SCiWP 27 - 

Si1/P2o - 
S01/P21 - 
SCi^/P22 ' 

STB/P23 - 
BUSY/P24 ' 

SI2/RxD/P7o - 
S02/ TxD/P7 i - 

sci^ ^ 

ASCK/P72 
ANIO/PIo- r 
ANI 7 /PI 7 L 

avdd- 
AVss- 
AVrefO ' 

ANO(yP13o- < 
AN01/P131 


8 -blt Timer/ 
Event Counter 1 


8 -blt Timer/ 

Event Counter 2 ntv 

Watchdog Timer 







Program Counter I 


Internal 

Program Memory 
(ROM/PROM) 
Note 1 


General Reg. 

Internal 
Data Memory 
(RAM) 
Note1 


Buzzer 

Programmable 

Clock 

Clock Generator 

Standby 

Output 

Clock Output 

Divider 

Sub Main 

Control 


BUZ/P36 PCLyP35 


PO 7 /XTI XT2 X1 X2 


RESET Vdd Vss 'C 
(Vpp) 


V^> | PO0-PO7 

O I l O ’’^(>■'’^7 

O I l O 

0[^rt£]0 

O I l O P'' 0 -P 47 

O I Ports I Q P50-P57 

or Porte 10 Peo‘P67 


0 | P°rt7 l O P70-P72 


Port 12 K_yP 12 o-P 127 


Port 13 K_>P13o-P13i 


O ADo/P4o- 

AD 7 /P 47 - 
AX As/PSo- 
External VA 
Access RD/P 64 

> WR/P 65 
W^/PBe 
ASTB/PGy 


RTP0/P12O- ^ - Real-Time 

RTP 7 /PI 27 \i- Output Port 


INTPtyPOo- 1 —K Interrupt 

INTP6/P06 ' ^/| Controller 


Interrupt 

Controller Nn/ 


Notes: 

(1) Internal ROM and RAM size dependent on the device. 

(2) Pin name In parentheses for the ^lPD78P054 only. 
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fiPD78054 Family 


FUNCTIONAL DESCRIPTION 
Central Processing Unit 

The central processing unit (CPU) of the /JPD78054 
family features 8- and 16-bit arithmetic including an 8 x 
8-bit unsigned multiply and 16 x 8-bit unsigned divide 
(producing a 16-bit quotient and an 8-bit remainder). 
The multiply executes in 3.2 (js and the divide in 5 fjs 
using the fastest clock cycle with a main system clock 
of 5.0 MHz. 

A CALLT vector table and a CALLF area decrease the 
number of bytes in the call instructions for commonly 
used subroutines. A 1-byte call instruction can access 


up to 32 subroutines through their addresses con¬ 
tained in the CALLT vector table (40H to 7FH). A 2-byte 
call Instruction can access any routine beginning in a 
specific CALLF area (0800H to OFFFH). 

Internal System Clock Generator 

The internal system clocks of the ^PD78054 family are 
derived from either the main system or the subsystem 
oscillator. See figure 1. The clocks for the watch timer 
and programmable clock output are derived from either 
the subsystem clock (fxj) orthe main system clock. The 
clocks for all other peripheral hardware are derived 
from the main system clock. 


Figure 1. Internal System Clock Generator 
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The CPU clock {(p) can be supplied from either the main 
system clock (fx) or the subsystem clock {fxi)- A selec¬ 
tor, which is controlled by the oscillation mode selec¬ 
tion register (OSMS), determines whether the main 
system clock (fx) or the scaled main system clock (fx/2) 
Is provided to the prescalar (fxx)- Using the processor 
clock control register (PCC), a CPU clock frequency 
equal to fxx. fxx/2, fxx/4, fxx/8. or the subsystem 
clock fxT can be selected. The CPU clock selected 
should be based on the power supply voltage available 
and the desired power consumption. On power up, the 
CPU clock defaults to the lowest speed from the main 
system clock (fxx/16 with fxx = fx/2) and can be 
changed while the microcomputer is running. 

Since the shortest instruction takes two CPU clocks to 
execute, the fastest minimum Instruction execution 
time (tcv) of 0.4/is Is achieved with a main system clock 
at 5.0 MHz (fxx = fx) and a Vdd of 4.5 to 6.0 volts. 
However, If the watch timer must generate an Interrupt 
every 0.5 or 0.25 seconds, tcv is 0.48 jus at 4.19 MHz 
with fxx = fx- The fastest minimum Instruction execu¬ 
tion time available across the full voltage range of 2.7 to 
6.0 volts is 0.96 /is with a 4.19 MHz main system clock 
(fxx = fx). For the lowest power consumption, the CPU 
can be operated from the subsystem clock and the 
minimum Instruction execution time is 122p/s at 32.768 
kHz. 

Memory Space 

The P/PD78054 family has a 64K-byte address space 
(see figure 2). This address space (OOOOH-FFFFH) can 
be used as both program and data memory. 

Internal Program Memory 

All devices in the /iPD78054 family have internal pro¬ 
gram memory. The p/PD78052/053/054 contain 16K, 24K, 
and 32K bytes of internal ROM, respectively. The 
P/PD78P054 contains 32K bytes of UV EPROM or one 
time programmable ROM. To allow the p/PD78P054 to 
emulate the mask ROM devices, the amount of internal 
program memory available in the piPD78P054 can be 
selected using the memory size switching register 
(IMS). 

internal RAM 

The /iPD78052 has 544 bytes and the p;PD78053/054/ 
P054 have 1056 bytes of Internal RAM. This Internal RAM 
consists of two types: high-speed Internal RAM and 
buffer RAM. 

The /iPD78052 contains 512 bytes (FDOOH to FEFFH) 
while the jL/PD78053/054/P054 contain 1024 bytes 


(FBOOH to FEFFH) of high-speed Internal RAM. The 
high-speed Internal RAM contains the general register 
banks and the stack. The remainder of the high-speed 
Internal RAM and any unused register bank locations 
are available for general storage. 

All devices also contain 32 bytes of buffer RAM (FACOH 
to FADFH). The buffer RAM is used for the automatic 
transfer mode of serial Interface 1 or for general stor¬ 
age. 

To allow the p/PD78P054 to emulate the mask ROM 
devices, the amount of high-speed Internal RAM avail¬ 
able in the piPD78P054 can also be selected using the 
IMS. 

External Memory 

The /iPD78054 family can access 0, 256, 4K, 16K or all 
available bytes of external memory. The p/PD78054 
family has an 8-blt wide external data bus and a 16-bit 
wide external address bus. The low-order 8 bits of the 
address bus are multiplexed and also provide the 8-bit 
data bus and are supplied by port 4. The high-order 
address bits of the 16-bit address bus are taken from 
port 5 as required. The a ddress latch, read, and write 
strobes, and the external WAIT signal are supplied by 
port 6. 

The memory expansion mode register (MM) controls 
the size of external memory. It can be programmed to 
use 0, 4, 6, or 8 bits from port 5 for the high-order 
address. Any remaining port 5 bits can be used for I/O. 
The MM register also can be used to specify one 
additional wait state or the use of the external WAIT 
signal for low-speed external memory or external pe¬ 
ripheral devices. 

When only internal ROM and RAM are used and no 
external memory is required, ports 4, 5 and 6 are 
available as general purpose I/O ports. 

CPU Control Registers 

Program Counter. The program counter Is a 16-bit 
binary counter register that holds the address of the 
next instruction to be executed. During reset, the 
program counter is loaded with the address stored in 
locations OOOOH and 0001H. 

Stack Pointer. The stack pointer is a 16-bit register that 
holds the address of the last item pushed onto the 
stack. It is decremented before new data is pushed 
onto the stack and incremented after data Is popped 
off the stack. 
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Program Status Word. The program status word 
(PSW) is an 8-bit register that contains flags that are 
set or reset depending on the results of an Instruction. 
This register can be written to or read from 8 bits at a 
time. The Individual flags can also be manipulated on a 
bIt-by-bIt basis. The assignment of PSW bits follows. 


7 0 


IE 

Z 

RBS1 

AC 

RBSO 

0 

ISP 

CY 


CY 

ISP 

RBSO, RBS1 
AC 
2 
IE 


Carry flag 

In-service (Interrupt) priority flag 
Register bank selection flags 
Auxiliary carry flag 
Zero flag 

Interrupt request enable flag 


Figure 2. Memory Map 



Notes; 

(1) 3FFFHonnPD78052 
6FFFHonnPD78053 
7FFFH on fAPD78054/P054 

(2) FCFFH on ^lPD78052 
FAFFH on nPD78053^054/P054 

___B3RC-9537B (y93) 
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General Registers 


Figure 5 . General Registers 



The general-purpose registers (figures) consist of four 
banks of registers located at addresses FEEOH to 
FEFFH in Internal RAM. Each bank consists of eight 
8-bit general registers that can also be used In pairs to 
function as four 16-bit registers. Two bits in the PSW 
(RBSO and RBS1) specify which of the register banks is 
active at any time and are set under program control. 

Registers have both functional names (A, X, B, C, D, E, 
H, or L for 8-bit registers and AX, BC, DE, and HL for 
16-bit registers) and absolute names (R1, RO, R3, R2, 
R5, R4, R7, or R6 for 8-blt registers and RPO, RP1, RP2, 
or RP3 for 16-bit registers). Either the functional or 
absolute register names can be used in Instructions 
that use the operand identifiers r and rp. 

Addressing 

The program memory addressing (ROM) modes pro¬ 
vided are relative, immediate, table indirect and regis¬ 
ter addressing. The operand addressing modes pro¬ 
vided are implied, register, direct, short direct (saddr), 
special function (SFR), register Indirect, based, based 
indexed, and stack addressing. 

The SFR addressing and saddr addressing modes use 
direct addressing and require only 1 byte in the instruc¬ 
tion to address RAM. Normally a 65K byte address 
space requires 2 bytes to address it. One-byte address¬ 
ing results In faster access times, since the instructions 
are shorter. SFR addressing addresses the entire 256- 
byte SFR address space from FFOOH to FFFFH. Saddr 
addressing (see figure 2) addresses the 256-byte ad¬ 
dress space FE20H to FF1FH. FE20H to FEFFH are 
composed of 224 bytes of internal high speed RAM; 
FFOOH to F FI FH contain the first 32 bytes in the special 
function register area. 


One-byte addressing Is accomplished by using the first 
byte of the instruction for the opcode (and one oper¬ 
and if register A or AX Is used) and the second byte of 
the instruction as an address (offset) into the 256-byte 
area If register A or AX is used, the instructions are 2 
bytes long, thereby providing fast access times. If 
immediate data Is used, the Instruction will be 3 or 4 
bytes long depending upon whether the immediate 
data is a byte or a word. Many 16-blt SFRs are in the 
space FFOOH to FF1FH. Using AX as an operand to 
these SFRs will provide fast access, since the instruc¬ 
tions will be only 2 bytes long. 

Special Function Registers 

The Input/output ports, timers, capture and compare 
registers, and mode and control registers for both the 
peripherals and CPU are collectively known as special 
function registers. They are all memory-mapped be¬ 
tween FFOOH and FFFFH and can be accessed either 
by main memory addressing or by SFR addressing. 
FFOOH to FF1H can also be accessed using saddr 
addressing. They are either 8 or 16 bits as required, and 
many of the 8-bit registers are bit addressable. Table 1 
lists the special function registers. 

Input/Output Ports 

Each device in the jL/PD78054 family has 69 port lines. 
Table 2 lists the features of each port and figure 4 
shows the structure of each port pin. 
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Table /. Special Function Registers _ 

Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

FFOOH 

Porto 

PO 

R/W 

X 

X 

— 

OOH 

FF01H 

Port 1 

PI 

R/W 

X 

X 

— 

OOH 

FF02H 

Port 2 

P2 

R/W 

X 

X 

— 

OOH 

FF03H 

Port 3 

P3 

R/W 

X 

X 

— 

OOH 

FF04H 

Port 4 

P4 

R/W 

X 

X 


Undefined 

FF05H 

Port 5 

P5 

R/W 

X 

X 

— 

Undefined 

FF06H 

Port 6 

P6 

R/W 

X 

X 

— 

Undefined 

FF07H 

Port 7 

P7 

R/W 

X 

X 

— 

OOH 

FFOCH 

Port 12 

P12 

R/W 

X 

X 

— 

OOH 

FFODH 

Port 13 

PI 3 

R/W 

X 

X 

— 

OOH 

FF10H-FF11H 

Capture/compare register 00 

CROO 

R/W 

— 

— 

X 

Undefined 

FF12H-FF13H 

Capture/compare register 01 

CR01 

R/W 


— 

X 

Undefined 

FF14H-FF15H 

16-bit timer register 

TMO 

R 

— 

— 

X 

OOH 

FF16H 

Compare register 10 

CR10 

R/W 

— 

X 

— 

Undefined 

FF17H 

Compare register 20 

CR20 

R/W 

— 

X 

— 

Undefined 

FF18H 

8 -bit timer register 1 

TM1 

R 

X 

X 

— 

OOH 

FF19H 

8 -bit timer register 2 

TM2 

R 

X 

X 

— 

OOH 

FF18H.FF19H 

16-bit timer register 

TMS 

R 

— 

— 

X 

OOOOH 

FF1AH 

Serial I/O shift register 0 

SlOO 

R/W 

— 

X 

— 

Undefined 

FF1BH 

Serial I/O shift register 1 

SI01 

R/W 

— 

X 

— 

Undefined 

FF1FH 

A/D conversion result register 

ADCR 

R 

_ 

X 

— 

Undefined 

FF20H 

Port mode register 0 

PMO 

R/W 

X 

X 

— 

FFH 

FF21H 

Port mode register 1 

PM1 

R/W 

X 

X 

— 

FFH 

FF22H 

Port mode register 2 

PM2 

R/W 

X 

X 

— 

FFH 

FF23H 

Port mode register 3 

PM3 

R/W 

X 

X 

— 

FFH 

FF25H 

Port mode register 5 

PM5 

R/W 

X 

X 

— 

FFH 

FF26H 

Port mode register 6 

PM6 

R/W 

X 

X 

-- 

FFH 

FF27H 

Port mode register 7 

PM7 

R/W 

X 

X 

— 

FFH 

FF2CH 

Port mode register 12 

PM12 

R/W 

X 

X 

— 

FFH 

FF2DH 

Port mode register 13 

PM13 

R/W 

X 

X 

— 

FFH 

FF30H 

Real-time output port buffer register L 

RTBL 

R/W 

— 

X 

— 

OOH 

FF31H 

Real-time output port buffer register H 

RTBH 

R/W 

— 

X 

— 

OOH 

FF34H 

Real-time output port mode register 

RTPM 

R/W 

X 

X 

— 

OOH 

FF36H 

Real-time output port control register 

RTPC 

R/W 

X 

X 

— 

OOH 

FF40H 

Timer clock select register 0 

TCLO 

R/W 

X 

X 

_ 

OOH 

FF41H 

Timer clock select register 1 

TCL1 

R/W 

— 

X 

_ 

OOH 

FF42H 

Timer clock select register 2 

TCL2 

R/W 

— 

X 

— 

OOH 

FF43H 

Timer clock select register 3 

TCL3 

R/W 

— 

X 

— 

88 H 

FF47H 

Sampling clock select register 

SCS 

R/W 

— 

X 

— 

OOH 

FF48H 

16-bit timer mode control register 

TMCO 

R/W 

X 

X 

— 

OOH 
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Table 1. Special Function Registers (coni) ____ 

Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

FF49H 

8 -bit timer mode controi register 

TMC1 

R/W 

X 

X 

— 

OOH 

FF4AH 

Watch timer mode control register 


R/W 

X 

X 


OOH 

FF4CH 

Capture/compare controi regiter 0 


R/W 

X 

X 

— 

04H 

FF4EH 

16-blt timer output control register 

IBSHi 

R/W 

X 

X 

— 

OOH 

FF4FH 

8 -bit timer output control register 

TOC1 

R/W 

X 

X 

— 

OOH 

FF60H 

Serial operating mode register 0 

CSIMO 

R/W 

X 

X 

_ , 

OOH 

FF61H 

Serial bus interface control register 

SBIC 

R/W 

X 

X 

— 

OOH 

FF62H 

Slave address register 

SVA 

R/W 

— 

X 

— 

Undefined 

FF63H 

Interrupt timing specify register 

SINT 

R/W 

X 

X 

— 

OOH 

FF68H 

Serial operation mode register 1 

CSIM1 

R/W 

X 

X 

— 

OOH 

FF69H 

Automatic data transmit/receive control 
register 

ADTC 

R/W 

X 

X 

— 

OOH 

FF6AH 

Automatic data transmit/receive address 
pointer register 

ADTP 

R/W 

— 

X 

— 

OOH 

FF6BH 

Automatic data transmission/reception 
interval specification register 

ADT1 

R/W 

X 

X 

— 

OOH 

FF70H 

Asynchronous serial interface mode register 

ASIM 

R/W 

X 

X 

— 

OOH 

FF71H 

Asynchronous serial interface status register 

ASIS 

R 

X 

X 

— 

OOH 

FF72H 

Serial interface operating mode register 2 

CSIM2 

R/W 

X 

X 

— 

OOH 

FF73H 

Baud rate generator control register 

BRGC 

R/W 

— 

X 

— 

OOH 

FF74H 

Transmit shift register 

TXS 

W 

_ 

X 


FFH 

(Note 1) 

Serial I/O shift register 

SI02 

R/W 

_ 

X 

— 

FFH 


Receive buffer register 

RXB 

R 

— 

X 

— 

FFH 

FF80H 

A/D converter mode register 

ADM 

R/W 

X 

X 

— 

01 H 

FF84H 

A/D converter input select register 

ADIS 

R/W 

_ 

X 

— 

OOH 

FF90H 

D/A converter data register 0 

DACSO 

R/W 

— 

X 

— 

OOH 

FF91H 

D/A converter data register 1 

DACS1 

R/W 

— 

X 

— 

OOH 

FF98H 

D/A converter mode register 

DAM 

R/W 

X 

X 

~ 

OOH 

FFDOH-FFDFH 

External SFR access area (Note 2) 

— 

R/W 

X 

X 

— 

Undefined 

FFEOH 

Interrupt flag register L 

IFOL 

R/W 

X 

X 

— 

OOH 

FFE1H 

Interrupt flag register H 

IFOH 

R/W 

X 

X 

— 

OOH 

FFE0H-FFE1H 

Interrupt flag register 

IFO 

R/W 

— 

— 

X 

OOOOH 

FFE2H 

interrupt flag register 1L 

IF1L 

R/W 

X 

X 

— 

OOH 

FFE4H 

interrupt mask flag register L 

MKOL 

R/W 

X 

X 

— 

FFH 

FFE5H 

interrupt mask flag register H 


R/W 

X 

X 

— 

FFH 

FFE4H-FFE5H 

Interrrupt mask flag register 


R/W 

— 

— 

X 

FFFFH 

FFE6H 

Interrupt mask flag register 1L 

MK1L 

R/W 

X 

X 

— 

FFH 

FFE8H 

Priority order specify flag register L 

PROL 

R/W 

X 

X 

— 

FFH 

FFE9H 

Priority order specify flag register H 


R/W 

X 

X 

— 

FFH 

FFE8H-FFE9H 

Priority order specify flag register 

PRO 

R/W 

— 

— 

X 

FFFFH 

FFEAH 

Priority order specify flag register 1L 

PR1L 

R/W 

X 

X 

- 

FFH 
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Table 1. Special Function Registers (cont) 

Address 

Register (SFR) 

Symbol 

R/W 

Access Units (Bits) 

1 8 16 

State After Reset 

FFECH 

External interrupt mode register 0 

INTMO 

R/W 

— 

X 

— 

OOH 

FFEDH 

External interrupt mode register 1 

INTM 1 

R/W 

_ 

X 

— 

OOH 

FFFOH 

Memory size switch register 

IMS 

W 

— 

X 

— 

(Note 3) 

FFF2H 

Oscillation mode select register 

OSMS 

R/W 

x 

X 

— 

OOH 

FFF3H 

Pullup resistor option register H 

PUOH 

R/W 

X 

X 

— 

OOH 

FFF 6 H 

Key return mode register 

KRM 

R/W 

X 

X 

— 

02H 

FFF7H 

Pullup resistor option register L 

PUOL 

R/W 

X 

X 

— 

OOH 

FFF 8 H 

Memory expanded mode register 

MM 

R/W 

X 

X 

— 

10H 

FFF9H 

Watchdog timer mode register 

WDTM 

R/W 

X 

X 

— 

OOH 

FFFAH 

Oscillation stabilization time select register 

OSTS 

R/W 

— 

X 

— 

04H 

FFFBH 

Processor clock control register 

PCC 

R/W 

X 

X 

- 

04H 


Notes: 


(1) SI02 can be used instead of TXS and RXB. S102 is not a register; 
it is another symbol which can be used to reference the TXS and 
RXB registers. A write to SI02 causes the CPU to write to the TXS 
register, and a read from SI02 causes the CPU to read the RXB 
register. 

(2) The external access area cannot be accessed using SFR address¬ 
ing. It can only be accessed using main memory addressing. 

(3) Value after reset depends on device 
A/PD78052: 44H 

/iPD78053: C 6 H 
/iPD78054: C 8 H 
A/PD78P054: C 8 H. 


Table 2. Digital Port Functions 


Port 

Operational Features 

Configuration 

Direct Drive Capability 

Software Pullup Resistor Connection 
(Note 1) 

Port 0 (Note 3) 

8 -bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 1 (Note 2) 

8 -bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 2 

8 -bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 3 

8 -bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 4 

8 -bit input or output 

Byte selectable 


Byte selectable, input bits only 

Port 5 

8 -bit input or output 

Bit selectable 

LED 

Byte selectable, input bits only 

Porte 

8 -bit input or output 
(PSq - P 63 n-channel) 

Bit selectable 

LED (P 60 -P 63 ) 

Byte selectable, input bits only 

P 60 - P 63 - mask option only (Note 4) 

P 64 - P 67 - software 

Port 7 

3-bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 12 

8 -bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 13 

2 -bit input or output 

Bit selectable 


Byte selectable, input bits only 


Notes: 

(1) Software pullup resistors can be internally connected (only on a 
port-by-port basis) to port bits set to input mode. Pullup resis¬ 
tors are not connected to port bits set to output mode. 

(2) Pullup resistors are automatically disconnected on pins used for 
A/D converter analog inputs. 


(3) POq and PO 7 are input only and do not have a software pullup 
resistor. When using PO 7 as an input, the feedback resistor for the 
subsystem clock should be disconnected with bits (FRC) of the 
processor control register (PCC). 

(4) All devices except /JPD78P054 
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Figure 4. Pin input/Output Circuits 

I TVp<»2(P0n,Bisif) 
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A/D Converter 

The/iPD78054 family analog-to-digital (A/D) converter 
(see figure 5) uses the successive-approximation 
method for converting one of eight multiplexed analog 
Inputs Into 8-blt digital data The conversion time per 
Input Is 19.1 fjs. 

The A/D converter input select register (ADIS) selects 
the number of inputs that are used in A/D conversion. 
The remaining inputs are used as ports. The analog 
input to be converted Is selected by programming the 
A/D converter mode register (ADM). Also, the ADM 
register Is used to select the A/D conversion time. A/D 


conversion is started by external interrupt INTP3, or by 
writing to the ADM register. When the conversion is 
completed, the results are stored in the A/D conversion 
result register (ADCR) and an INTAD interrupt is gener¬ 
ated. 

If the A/D converter was started by an external inter¬ 
rupt, the A/D converter stops after the interrupt is 
generated. If the A/D converter was started by soft¬ 
ware, the A/D converter repeats the conversion until 
new data is written to the ADM register. 


Figure 5. A/D Converter 



Notes: 

(1) Selects number of Port 11nputs to be used for /VD conversion. 

(2) Selects the channel for A^D conversion. 

83RC-9543B (10/93) 
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D/A Converter 

The /iPD78054 family digital-to-analog (D/A) converter 
(see figure 6) uses an R-2R resistor ladder method for 
converting the 8-bit digital data to an analog voltage 
for each of the two independent D/A channels. 

The D/A converter mode register (DAM) is used to start 
and stop D/A conversion as well as selecting “normal 
mode” or “real-time output mode” for each channel. 
The 8-blt data to be converted to an analog voltage Is 
written into one of the two D/A conversion value set 
registers (DACSO or DACS1). Before D/A conversion Is 
enabled, the respective channel output Is in a high- 
impedance state. The analog output voltage is deter¬ 
mined by the following expression where n is 0 or 1 for 
the respective channel: 

ANOn (output voltage) = AVrepi x (volts) 

In the normal mode with D/A conversion enabled, the 
D/A circuit continuously outputs the analog voltage on 
the ANOn pin representative of the 8-bit value in the 
DACSn register. When a different 8-bit value is written 


to the DACSn register, the D/A circuit immediately 
adjusts the voltage on the ANOn pin to represent the 
new value. When the D/A conversion operation stops, 
the output for the respective channel goes to high 
impedance. 

In the real-time output mode when D/A conversion Is 
enabled for a respective channel, the D/A circuit output 
remains in a hIgh-Impedance state. After the interrupt 
(INTTMx, X = 1 and 2 for D/A channels 0 and 1, 
respectively) occurs, the D/A circuit outputs the analog 
voltage on the ANOn pin representative of the 8-bit 
value in the DACSn register. 

When a different 8-bit value is written to the DACSn 
register, the D/A circuit will adjust the voltage on the 
ANOn pin to represent the new value after the next 
interrupt (INTTMx) occurs. 


If the data is changed in the DACSn register and the 
register is read before the next interrupt occurs, the 
data read will be data previously written before the last 
interrupt occurred. When the D/A conversion operation 
stops, the output for the respective channel goes to a 
high-impedance state. 



Figure 6. D/A Converter 
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Serial Interfaces 

The /iPD78054 family has three independent serial 
Interfaces: serial interface 0, serial interface 1, and 
serial interface 2. 

Serial Interface 0. Serial interface 0 is an 8-bit clock 
synchronous serial interface (figure 7). It can be oper¬ 
ated in either a three-wire serial I/O mode, NEC serial 
bus interface (SBI) mode, or two-wire serial I/O mode. 
The serial clock can be provided from one of eight 
internal clocks, the ou tput o f 8-bit timer register 2, or 
the external clock line SCKO. 


Figure 7. Serial Interface 0 
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In the three-wire serial I/O mode, the 8-blt shift register 
(SlOO) is loaded with a byte of data and eight clock 
pulses are generated. The falling edge of these eight 
pulses shifts the byte of data out of the SOO line (either 
MSB or LSB first) while the rising edge of these pulses 
shifts the data in from the SIO line providing full-duplex 
operation. The INTCSIO interrupt is generated after 
each 8-bit transfer. 

The NEC SBI mode is a two-wire high-speed proprietary 
serial Interface available on most devices in the NEC 
^PD75xxx and /iPD78xxx product lines. Devices are 
connected In a master/slave configuration (see figure 
8). There Is only one master device at a time; all others 
are slaves. The master sends addresses, commands, 
and data over one of the serial bus lines (SBO or SB1) 
using a fixed hardware protocol synchronized with the 
SCKO line . Each slave device of the jL/PD78054 family 
can be programmed to respond in hardware to any one 
of 256 addresses set In its slave address register (SVA). 
There are also 256 commands and 256 data types. 
Since all commands are user definable, many software 
protocols, simple or complex, can be defined. It is even 
possible to develop commands to change a slave Into a 
master and the previous master into a slave. 

The two-wire serial I/O mode provides half-dupl ex op- 
eration using either the SBO or SB1 line and the SCKO 
line. Communication format and handshaking can be 
handled In software by controlling the output levels of 
the data and clock lines between transfers. For data 
transmission, the 8-bit shift register (SlOO) is loaded 
with a byte of data and eight clock pulses are gener¬ 
ated. The falling edge of these eight pulses shifts the 
byte of data out of either the SBO or SB1 line (MSB first). 
In addition, this byte of data is also shifted back into 
SlOO on the rising edge of these pulses providing a way 
of verifying that the transmission was correct. 

For data reception, the SlOO register is preloaded with 
the value FFH. As this data value is shifted out on the 
falling edge of the serial clock, it disables the n-channel 
open-drain driver. This allows the receive data to be 
driven on to the serial line and shifted into the SlOO 
register on the rising edge of the serial clock. The 
INTCSIO interrupt Is generated after each 8-bit transfer. 

Serial Interface 1. Serial Interface 1 is also an 8-bit 
clock synchronous serial Interface (figure 9). It can be 
operated in either a three-wire serial I/O mode, or 
three-wire serial I/O mode with automatic transmit/ 
receive. The serial clock can also be provided from one 
of eight internal clocks (common clock for both inter¬ 
faces), the output of 8 -bit timer register 2, or the 
external clock line SCK1. 


In the three-wire serial I/O mode, the 8-bit shift register 
(SI01) Is loaded with a byte of data and eight clock 
pulses are generated. The falling edge of these eight 
pulses shifts the byte of data out of the S01 line (either 
MSB or LSB first) while the rising edge of these pulses 
shifts the data In from the SI1 line providing full-duplex 
operation. The INTCSI1 interrupt Is generated after 
each 8-blt transfer. 

In the three-wire serial I/O mode with automatic 
transmit/receive, up to 32 bytes of data can be trans¬ 
ferred with minimal CPU overhead. The data to be 
transmitted and received is stored in the buffer RAM. 
Handshaking using either the BUSY input line, the 
strobe (STB) output line, or both, can be selected by 
the program. Error detection of bit drift due to noise is 
available for each byte transferred when using the 
BUSY input line. This automatic transmit/receive mode 
is ideally suited for transferring data to/from external 
peripheral devices such as onscreen display (OSD) and 
LCD controller/driver devices. 

While in three-wire serial interface mode with auto¬ 
matic data transfer, the Interface can be operated as 
either a full-duplex interface or a transmit-only inter¬ 
face in single or repetitive operation mode. In the full- 
duplex mode, a byte of data is transferred from the first 
location in the buffer RAM and shifted out of the S01 
line (either MSB or LSB first) while the received data is 
shifted into the SI1 line and stored back in the first 
buffer location. After the preset number of bytes has 
been transferred, the INTCSI1 interrupt is generated. 


Figure 8. SBI Mode Master/Slave Configuration 
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In single-operation transmit mode, the preset number 
of bytes from the buffer RAM are transmitted out of the 
S01 line (either MSB or LSB first) and the INTCSI1 
interrupt is generated after all bytes are transferred. In 
the repetitive operation transmit mode, data In the 
buffer is transmitted repeatedly. 

Serial Interface 2. Serial interface 2 Is an 8-bit serial 
interface (figure 10) that can be operated in either a 
UART mode or a three-wire serial I/O mode. The internal 
baud rate generator circuit (figure 11) scales an inter¬ 
nal clock to provide standard baud rates from 75 to 
38400 bps. For non-standard baud rates, the internal 
baud rate generator circuit scales an external clock 
Input on the ASCK pin. The output of the baud rate 
generator circuit Is used as the data transmission and 
sampling clock in the UART mode or the data clock In 
the three-wire serial I/O mode. 

In the UART mode, half or full-duplex operation with 
various protocols is programmable. The asynchronous 
serial Interface mode register (ASIM) is used to specify 
the number of stop bits (1 or 2), data character length 
(7 or 8 bits), parity (none, even, odd, or 0), receive 
operation control (enable or disable), and transmit 
operation control (enable or disable). The ASIM regis¬ 
ter is also used to enable or disable the generation of 
an Interrupt when a reception error occurs and whether 
an internal or external clock will be supplied to the 
baud rate generator circuit. 

A transmit operation is started by writing a data 
character to the transmit shift register (TXS) register. 
The start bit, parity bit, and stop blt(s) are automati¬ 
cally added by the hardware to the data character in 
the TXS register. The data In the TXS register is shifted 
out of the TxD line and when the TXS register is empty, 
a transmission complete interrupt (INTST) Is gener¬ 
ated. 

When the receive operation control Is enabled, the RxD 
line Is sampled using the clock specified by the ASIM 
register. When the RxD line is detected low, sampling 
starts at the midpoint of each bit. If the first sample 
yields a low, it is identified as a start bit. The RxD line 
continues to be sampled at the midpoint of each bit. 
Reception of one frame of data Is complete when the 
data character bits, parity bit (if being transmitted), 
and one stop bit are detected after the start bit. Even If 
the protocol is set for two stop bits, only one stop bit is 
used for the end of reception detection. 

When one frame of data has been received, the re¬ 
ceived data in the shift register is transferred to the 
receive buffer (RXB) and a reception complete vectored 
interrupt (INTSR) is generated even if an error (parity 


and/or framing) is detected. The data must be read 
from the RXB register before another frame is received 
or an overrun error will be generated. If an error occurs, 
the appropriate flag is set in the asynchronous serial 
interface status register (ASIS) and a receive error 
Interrupt (INTSER) Is generated. 

In the three-wire I/O mode, the TXS register is loaded 
with a byte of data and eight clock pulses are gener¬ 
ated. The falling edge of these eight pulses shifts the 
byte of data out of the S02 line (either MSB or LSB first) 
while the rising edge of these pulses shifts the data in 
from the SI2 into the RXS register line providing full- 
duplex operation. The INTCSI2 interrupt is generated 
after each 8-bit transfer. 


Timers 


The /iPD78054 family has one 16-bit timer/event 
counter, two 8-bit timer/event counters that can be 
combined for use as a 16-bit timer/event counter, a 
watch timer and a watchdog timer. All of these can be 
programmed to count a number of prescaled values of 
the main system clock. In addition, the watch timer can 
also count the subsystem clock. All of the timer/event 
counters can count external events. 



16-Bit Timer/Event Counter 0. Timer/event counter 0 
(figure 12) consists of a 16-bit counter (TMO), two 16-bit 
capture registers (CROC, CR01), control registers 
TMCO, TOCO, and CRCO, clock select register CLCO, 
and a timer output (TOO). Timer 0 can be used as an 
interval timer, to count external events on the timer 
input (TlOO) pin, to output a programmable square 
wave, a 14-bit pulse-width modulated output, a one- 
shot pulse, or to measure pulse widths. 
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NEC 


Figure 10. Serial interface 2 
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Figure 12. 16-Bit Timer/Event Counter 0 
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8-Bit Timer/Event Counters 1 and 2. Timer/event 
counters 1 and 2 (figure 13) each consist of an 8-bit 
timer (TM1 or TM2), an 8-bit compare register (CR10 or 
CR20), and a timer output (T01 orT02). The timers are 
controlled by registers TCL1, TMC1, TOC1 via five 
selectors. Timer/event counters 1 and 2 can each be 


used as an 8-bit interval timer, to count external events 
on the timer input pins (Til or TI2), or to output a 
programmable square wave. In addition, timers 1 and 2 
also can be combined as a 16-bit timer/event counter 
and used as a 16-bit interval timer, to count external 
events on Til, or to output a programmable square 
wave on T02. 
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Figure 13. 8-Bit Timer/Event Counters 1 and 2 



Watch Timer 3. Watch timer 3 (figure 14) is a 5-blt timer 
that can be used as a time source to keep track of time 
of day, to release the STOP or HALT modes at regular 
intervals, or to initiate any other task that must be 
performed at regular Intervals. When driven by the 
subsystem clock, the watch timer continues to operate 
In the STOP mode. 

The watch timer can function as both a watch timer and 
an interval timer simultaneously. When used as a watch 
timer, interrupt request INTWT can be generated using 


the main or subsystem clock of 0.5 or 0.25 seconds. 
When used as an Interval timer, vectored interrupt 
request INTTM3 Is generated at preselected time Inter¬ 
vals. With a main system clock of 4.19 MHz and fxx = fx 
or If using the subsystem clock of 32.768 kHz, the 
following time intervals can be selected: 489/i s, 978ps, 
1.96 ms, 3.91 ms, 7.82 ms or 15.6 ms. 
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Figure 14, Watch Timers 
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Watchdog Timer. The watchdog timer (figure 15) can 
be used as either a watchdog timer or an interval timer. 
When used as a watchdog timer it protects against 
program runaway. It can be selected to generate a 
nonmaskable interrupt (INTWDT), which vectors to ad¬ 
dress 0004H, or to generate an internal reset signal, 
which vectors to the restart address OOOOH if the timer 
is not cleared by the program before it overflows. Eight 
program-selectable intervals based on the main sys¬ 
tem clock are available. With a main system clock of 
4.19 MHz and fxx = fx. they are 0.489, 0.978,1.96, 3.91, 
7.82,15.6,31.3, and 125 ms. With a main system clock of 
4.19 MHz and fxx = fx/2, they are 0.978,1.96, 3.91, 7.82, 
15.6,31.3,62.6, and 250 ms. Once the watchdog timer is 
initialized and started, the timer’s mode cannot be 
changed and the timer can only be stopped by a reset. 

When used as an interval timer, maskable Interrupts 
(INTWDT) which vector to address 0004H are generated 
repeatedly at a preset interval. The time intervals avail¬ 
able are the same as In the watchdog timer mode. 


Programmable Clock Output 

The fjPD7Q054 family has a programmable clock output 
(PCL) that can be used for carrier output for remote 
controlled transmissions or as a clock output for pe¬ 
ripheral devices. The main system clock (fxx) divided 
by 1, 2, 4, 8, 16, 32, 64, or 128 or the subsystem clock 
(fxj) can be output on the PCL pin. See figure 16. If the 
main system clock Is 4.19 MHz and fxx = fx. the 
following frequencies are available: 4.19 MHz, 2.1 MHz, 
1.05 MHz, 524 kHz, 262 kHz, 131 kHz, 65.5 kHz, and 32.7 
kHz. With a main system clock of 4.19 MHz and fxx = 
fx/2, the following frequencies are available: 2.1 MHz, 
1.05 MHz, 524 kHz, 262 kHz, 131 kHz, 65.5 kHz, 32.7 kHz 
and 16.4 kHz. With a subsystem clock of 32.768 kHz, 
32.768 kHz is also available. 
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Figure 15. Wetchdog Timer 


interrupt 
Mask Flag 
TMMK4 



'xx«® , 
»xx«* ' 


Preecaler 

mmn 

Selector 


Timer Clock Select 
Register 2 (TCL2) 


Control 

Interrupt 

—> Request Rag - 

TMIF4 

o- 









Watchdog Timer Mode 

Register (WDTM) 


IN7WDT 

Nonmaskable 

Interrupt 

Request 


83RC-9536B (9^93) 




27 





JIIPD78054 Family 


Figure 17. Buzzer Output 



Figure 18. Real-Time Output Port 
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Buzzer Output 

The ^PD78054 family also has a programmable buzzer 
output (BUZ). The buzzer output frequency can be 
programmed to be equal to the main system clock (fxx) 
divided by 512,1024, or 2048. With a main system clock 
of 4.19 MHz and fxx = fx. the buzzer can be set to 8.2, 
4.1 or 2.0 kHz. With a main system clock of 4.19 MHz 
and fxx = tx/2, the buzzer can be set to 4.1, 2.0, or 1.0 
kHz. See figure 17, 

Real-Time Output Port 

The real-time output port (figure 18) shares pins with 
port 12. Each bit of port 12 is specified by the real-time 
output port mode register (RTPM) to be used in the port 
mode or real-time output port mode. If the real-time 
output port mode is selected, the real-time output port 
control register (RTPC) is used to specify the high and 
low nibbles to be treated separately or together. In the 
real-time output port mode, the previously written data 
in the real-time output buffer registers (RTBH, RTBL) is 
transferred to the output latch simultaneously with the 


generation of either a timer interrupt (INTTM1, IN- 
TTM2) or external Interrupt (INTP2). 

Interrupts 

The/iPD78054 family has 21 maskable hardware Inter¬ 
rupt sources; 8 are external and 13 are internal. Of 
these 21 interrupt sources, 19 cause a vectored Inter¬ 
rupt while the 2 testable inputs only generate an 
interrupt request. All of the 21 maskable interrupts can 
be used to release the HALT mode except INTPO. INTPO 
cannot be used to release the STOP mode and cannot 
release the HALT mode when SOS = 0. In addition, 
there is one nonmaskable Interrupt from the watchdog 
timer, one software interrupt, and a reset interrupt. The 
watchdog timer overflow interrupt (interrupt vector 
table address 0004H) can be initialized to be a non¬ 
maskable interrupt or the highest default priority mask¬ 
able interrupt. The software interrupt, generated by the 
BRK instruction, is not maskable. See table 3 and figure 
19 . 


Table 3. Interrupt Sources and Vector Addresses 


Type of 
Request 

Default 

Priority 

Signal 

Name 

Interrupt Source 

Location 

Vector 

Address 

Interrupt* 

Configuration 

Restart 

- 

RESET 

RESET input pin 

External 

OOOOH 

— 



INTWDT 

Watchdog timer overflow (when reset mode 
selected) 

Internal 



Nonmaskable 

— 

INTWDT 

Watchdog timer overflow 

(when nonmaskable interrupt selected) 

Internal 

0004H 

A 

Maskable 

0 

INTWDT 

Watchdog timer overflow 
(when interval timer selected) 

Internal 

0004H 

B 


1 

INTPO 

External interrupt edge detection 

External 

0006H 

C 


2 

INTP1 

External interrupt edge detection 

External 

0008H 

D 


3 

INTP2 

External interrupt edge detection 

External 

OOOAH 

D 


4 

INTP3 

External interrupt edge detection 

External 

OOOCH 

D 


5 

INTP4 

External interrupt edge detection 

External 

OOOEH 

D 


6 

INTP5 

External interrupt edge detection 

External 

001 OH 

D 


7 

INTP6 

External interrupt edge detection 

External 

0012H 

D 


8 

INTCSIO 

End of clocked serial interface 0 transfer 

Internal 

0014H 

B 


9 

INTCSI1 

End of clocked serial interface 1 transfer 

Internal 

0016H 

B 


10 

INTSER 

Serial interface 2 UART reception error 

Internal 

0018H 

B 


11 

(NTSR 

End of serial interface 2 UART reception 

Internal 

001 AH 

B 



INTCSI2 

End of serial interface 2 three-wire transfer 





12 

INTST 

End of serial interface 2 UART transmission 

Internal 

001CH 

B 


13 

INTTM3 

Watch timer reference time interval signal 

Internal 

001 EH 

B 


14 

INTTMOO 

16-bit timer/event counter capture/compare (CROO) 
coincidence signal 

Internal 

0020H 

B 
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Table 3. Interrupt Sources and Vector Addresses (cont) 


Type of 
Request 

Default 

Priority 

Signal 

Name 

interrupt Source 

Location 

Vector 

Address 

interrupt^ 

Configuration 

Maskable 

15 

INTTM01 

16-bit timer/event counter capture/compare (CR01) 
coincidence signal 

internal 

0022H 

B 


16 

INTTM1 

8-bit timer/event counter 1 coincidence signal 

Internal 

0024H 

B 


17 

INTTM2 

8-bit timer/event counter 2 coincidence signal 

Internal 

0026H 

B 


18 

INTAD 

End of A/D conversion 

internal 

0028H 

B 

Software 

-- 

— 

BRK instruction 

Internal 

003EH 

E 

Test input 

— 

INTWT 

Watch timer overflow 

Internal 

— 

F 


— 

INTPT4 

Port 4 falling edge detection 

External 

— 

F 


* See figure 19 

Interrupt Servicing. The //PD78054 family provides 
two levels of programmable hardware priority control 
and services ail Interrupt requests, except the two 
testable interrupts (INTWT and INTPT4) using vectored 
interrupts. The programmer can choose the priority of 
servicing each maskable interrupt by using the Inter¬ 
rupt control registers. 

Interrupt Control Registers. The/iPD78054 family has 
three 3-byte Interrupt control registers. The interrupt 
request flag registers (IFOL, IFOH, and IF1L) contain an 
interrupt request flag for each interrupt. The interrupt 
mask registers (MKOL, MKOH, and MK1L) are used to 
enable or disable any Individual interrupt. The priority 
flag registers (PROL, PROH, and PR1L) can be used to 
specify a high or a low priority level for each interrupt 
except the two testable interrupts (INTWT and INTPT4). 

Five other 8-bit registers are associated with Interrupt 
processing. The key return mode register (KRM) con¬ 
tains the KRIF interrupt request flag associated with 
falling-edge detection on port 4 and the KRMK mask 
flag used to enable or disable clearing of the standby 
mode if a falling edge is detected on port 4. The 
external interrupt mode registers (INTMO and INTM1) 
are used to select a rising, falling, or both edges as the 
valid edge for each of the external interrupts INTPO to 
INTP6. The sampling clock select register (SCS) is used 
to select a sampling clock for the noise eliminator 
circuit on external interrupt INTPO. 

The IE and the ISP bit of the program status word are 
also used to control interrupts. If the IE bit is 0, all 
maskable interrupts are disabled. The IE bit can be set 
or cleared using the El and Dl instructions, respec¬ 
tively, or by directly writing to the PSW. The IE bit is 
cleared each time an interrupt is accepted. The ISP bit 
is used by hardware to hold the priority level flag of the 
interrupt being serviced. 

Interrupt Priority. If the watchdog timer overflow Inter¬ 
rupt (INTWDT) has been Initialized to be a nonmask¬ 


able interrupt, it has priority over all other interrupts. 
Two hardware-controlled priority levels are available 
for all maskable interrupts that generate a vectored 
interrupt (i.e., all except the two testable interrupts). 
Either a high or a low priority level can be assigned by 
software to each of the maskable Interrupts. 

Interrupt requests of the same priority or a priority 
higher than the processor’s current priority level are 
held pending until interrupts in the current service 
routine are enabled by software or until one instruction 
has been executed after returning from the current 
service routine. Interrupt requests of a lower priority 
are always held pending until one instruction has been 
executed after returning from the current service rou¬ 
tine. 

The default priorities listed in table 3 are fixed by 
hardware and are effective only when it Is necessary to 
choose between two Interrupt requests of the same 
software-assigned priority. For example, the default 
priorities would be used after the completion of a 
high-priority routine, if two interrupts of the same 
software priority were pending. 

The software Interrupt, initiated by the BRK Instruc¬ 
tion, Is executed regardless of the processor’s priority 
level and the state of the IE bit. It does not alter the 
processor’s priority level. 

Vectored Interrupt Servicing. When a vectored inter¬ 
rupt Is acknowledged, the program status word and 
the program counter are saved on the stack, the pro¬ 
cessor’s priority Is set to that specified for the interrupt, 
the IE bit in the PSW is set to zero, and the routine 
whose address is in the Interrupt vector table is en¬ 
tered. At the completion of the service routine, the RETI 
instruction (RETB Instruction for the software inter¬ 
rupt) reverses the process and the /iPD78054 family 
microcomputer resumes the interrupted routine. 
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Figure 19. Interrupt Configurations 


Type A: Internal nonmaskable interrupt 

') Internal Bus 


I 


InterruDt 

Priority 


Vector Table 

Request 


Control Circuit 


Address Generator 


Standby 

Release 

Signal 


Type B: Internal maskable Interrupt 



Signal 


Type C: External maskable Interrupt (INTPO) 



Signal 





jiiPD78054 Family 


Figure 19. Interrupt Configurations (cont) 
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IF: Interrupt request flag 
IE: Interrupt enable flag 
ISP: in-service priority flag 
MK: Interrupt mask flag 
PR: Priority specify flag 
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Standby Modes 

HALT STOP, and data retention modes are provided to 
reduce power consumption when CPU action is not 
required. 

The HALT mode is entered by executing a HALT in¬ 
struction while the CPU is operating from the main 
system or subsystem clock. In HALT mode, the CPU 
clock is stopped while the main system and the sub¬ 
system clock continue to run. The HALT mode is re¬ 
leased by any unmasked interrupt request, a nonmask¬ 
able interrupt request, an unmasked test input, or an 
external reset pulse. 

Power consumption may be further reduced by using 
the STCP mode. The STCP mode is entered by execut¬ 
ing a STCP instruction while operating from the main 
system clock. In STCP mode, the main system clock 
input pin X1 is internally grounded stopping both the 
CPU and the peripheral hardware clock. The STCP 
mode Is released by any unmasked interrupt request 
(except INTPO if register SCS = 0), a nonmaskable 
interrupt request, an unmasked test input, or an exter¬ 
nal reset pulse. Any peripheral using the main oscillator 
as a clock source will also be disabled in the STCP 
mode and interrupts from such a peripheral can not be 
used to exit the STCP mode. Table 4 summarizes both 
the HALT and STCP standby modes. 

When exit! ng the STCP mode, a wait time occurs before 
the CPU begins code execution to allow the main 
system clock oscillator circuit to stabilize. The oscilla¬ 
tion stabilization time is selected by programming the 
CSTS register with one of five values before entering 
the STCP mode; the values range from 0.8 msec to 52.4 
msec at fx = 5 MHz. 


Table 4. Standby Mode Operation Status 


Item 

HALT Mode 

STOP Mode 

Setting instruction 

HALT Instruction 

STOP instruction 

System clock when 
setting 

Main system or 
subsystem clock 

Main system clock 

Clock oscillator 

Main system and 
subsystem clocks can 
oscillate; CPU clock is 
stopped. 

Subsystem clock can 
oscillate; CPU clock 
and main system 
clock are stopped. 

CPU 

Operation stopped 

Operation stopped 

Ports 

Maintain previous 
state 

Maintain previous 
state 

16-bit timer/event 
counter 

Operational from main 
system clock, or with 
watch timer output, or 
TlOO selected as the 
count clock 

Operational only with 
watch timer output or 
TlOO selected as count 
clock. 

8-bit timer/event 
counters 

Operational from main 
system clock or with 

Til and TI2 selected 
as the count clock 

Operational only with 
Til and TI2 selected 
as count clock 

Watch timer 

Operational from main 
system clock or with 
fxj as count clock 

Operational only with 
fXT count clock 

Watchdog timer 

Operational from main 
system clock 

Operation stopped 

Serial interface 0 

Operational from main 
system clock or with 
external clock 

Operational only with 
external clock 

Serial interface 1 

Operational from main 
system clock; no 
automatic transmit/ 
receive mode 

Operational only with 
external clock; no 
automatic transmit/ 
receive mode 

Serial interface 2 

Operational from main 
system clock or with 
external clock 

Operation stopped 

A/D converter 

Operational from main 
system clock 

Operation stopped 

D/A converter 

Operational 

Operational 

Real-time output 
port 

Operational 

Operational with 
external trigger or 
when Til and TI2 
count clocks are 
selected 

External interrupts 

Operational except for 
INTPO when its 
sampling clock is 
based on the CPU 
clock 

INTPO not operational; 
INTP1 to INTP6 
operational 
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Once in the STOP mode, power consumption can be 
further minimized by lowering the power supply volt¬ 
age Vdd to 2 volts. This places the device in the data 
retention mode. The contents of Internal RAM and the 
registers are retained. This mode is released by first 
raising Vdd to the proper operating range and then 
releasing the STOP mode. 

External Reset 

The /iPD78054 family Is reset by taking the RESET pin 
low or by an overf low of the watchdog timer (if en¬ 
abled). The RESET input pin is a schmitt-trigger Input 
with hysteresis characteristics to protect against spu- 
rious sy stem resets caused by noise. On power-up, the 
RESET pin must remain low for a minimum of lO/is after 
the power supply reaches its operating voltage. 

There is no functional difference between an external 
reset and an internal reset caused by the overflow of 
the watchdog timer. In both cases, the main system 
clock oscillation is stopped and the subsystem clock 
oscillation continues. During reset, the program 
counter is loaded with the address contained in the 
reset vector (addresses OOOOH, 0001H). Once the reset 
Is cleared and the oscillation stabilization time of 2i6/fx 
has elapsed, program execution starts at that address. 
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|\|EC ^PD78062/063/064/P064) 

NEC Electronics Inc. 8-Bit, K-Series Microcontrollers With 

LCD Controller/Driver, UART, and A/D Converter 

Preliminary _September 1993 


Description 

The /iPD78062. /iPD78063, j^PD78064, and /iPD78P064 
are members of the K-Series® of microcontrollers fea¬ 
turing an LCD controller/driver, A/D converter, UART 
8-bit hardware multiply and divide instructions, bit 
manipulation instructions, four banks of main regis¬ 
ters, an advanced interrupt handling facility, and a 
powerful set of memory-mapped on-chip peripherals. 

Timing is generated by two oscillators. The main oscil¬ 
lator normally drives the CPU and most peripherals. 
The 32.768-kHz subsystem oscillator provides time 
keeping when the main oscillator is turned off. Since 
CMOS power dissipation is proportional to clock rate, 
the 78064 provides a software selectable instruction 
cycle time from 0.40 [us to 122 (js. The STOP and HALT 
modes turn off parts of the microcontroller for addi¬ 
tional power saving. The data retention mode permits 
RAM contents valid down to 2 volts. 

These devices are ideally suited for applications In 
portable battery-power equipment, office automation, 
communications, consumer electronics, home appli¬ 
ances, exercise and fitness equipment. 

K-Series is a registered trademark of NEC Electronics, Inc. 

Features 

□ LCD controller/driver for up to 160 segments 

— 40 segment lines 

— 4 common lines 

— Static, 1/2 or 1/3 bias 

— LCD resistor ladder available on ROM version 

□ Eight-channel 8-bit A/D converter 

□ Two-channel serial communication Interface 

— 8-blt clock synchronous interface 0 
Full duplex, three-wire mode 

NEC serial bus interface (SBI) mode 
Half-duplex, two-wire mode 

— Serial interface 2 
Full-duplex, three-wire mode 
UART mode 

□ Timers: five channels 

— Watchdog timer 

— 16-bit timer/event counter with two 16-bit 
capture and compare registers 

—Two 8-bit timer/event counters usable as one 
16-blt timer/event counter 

— Watch (clock) timer 


□ 57 I/O lines 

—Two CMOS input-only lines 

— 55 CMOS bidirectional I/O lines with software 
selectable pullup resistors 

° Powerful instruction set 

— 8-bit unsigned multiply and divide 

— 16-bit arithmetic and data transfer instructions 

— 1-bit and 8-bit logic instructions 

□ Minimum instruction execution times: 

— 0.4/0.8/1.6/3.2/6.4/12.8/iS using 5-MHz main 
system clock 

—122 /is selectable using 32.768-kHz subsystem 
clock 

□ Memory-mapped on-chip peripherals 

— Special function registers 

° Programmable priority, vectored-Interrupt 
controller (two levels) 

□ Programmable buzzer and clock outputs 

o Power saving and battery back up 
—Variable CPU clock rate 

— HALT mode 

— STOP mode 

— 2-V data retention mode 

□ CMOS operation; Vqd from 2.7 to 6.0 V 


Internal High-Capacity ROM and RAM 



78062 

78063 

78064 

78P064 

ROM 

16K bytes 

24K bytes 

32K bytes 

— 

PROM 

— 

— 

— 

32K bytes 

High-speed 

RAM 

512 bytes 

1024 bytes 

1024 bytes 

1024 bytes 

LCD display 
RAM 

40 nibbles 

40 nibbles 

40 nibbles 

40 nibbles 
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Ordering Information 

Part Number 

ROM 

Package 

Package Drawing 

AiPD78062GC-xxx-7EA 

16K mask ROM 

100-pln plastic QFP (14x14 mm) 

P100GC-65-7EA 

A/PD78063GC-XXX-7EA 

24K mask ROM 



/iPD78064GC-xxx-7EA 

32K mask ROM 



/iPD78P064GC-7EA 

32K OTP ROM 



juPD78062GF-xxx-3BA 

16K mask ROM 

100-pin plastic QFP (14 x 20 mm) 

P100GF-65-3BA 

^PD78063GF-xxx-3BA 

24K mask ROM 



/iPD78064GF-xxx-3BA 

32K mask ROM 



/7PD78P064GF-3BA 

32K OTP ROM 



/iPD78P064KL-T (Note 3) 

32KUV EPROM 

100-pin ceramic LCC w/window (14 x 20 mm) 



Notes: 

(1) XXX indicates ROM code suffix 

(2) All devices listed are standard quality grade 

(3) Underdevelopment 
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iLfPD78064 Family 


Pm Configurations 

100-Pin Plastic QFP (14 x 14 mm) 


^ ^ ^ ^ ^ 


o 8 

lO to CM ^ ^ 

,i i i i i ilte I ^ 

lO ^ <0 CM T- O W eg P Q 


O^T-T=^<»='T^ii -ti iiT=^tO^<OCMT-OW!Nr g OcMt- 

n.an n...n n..nnnnnnnnn nx]..njn..CLO-an..LLD. 

a) 0 > 0 > 0 > 0 > 0 >CDO) 0 ) 0 >OOOOCOOOOOQOOOOOOOOOr«N>Nh« 


PI1/ANII c 

1 

PI2/ANI2 c 

2 

PI3/AN13 c: 

3 

PI4/ANI4 c 

4 

PI5/ANI5 c 

5 

P10/ANI6 C 

6 

PI7/AN17 c: 

7 

AVdd C 

8 

AVref 

9 

P100C 

10 

PIO1 c 

11 


12 

P102II 

13 

P103C 

14 

P3o/Tooc: 

15 

P3i /T01 C 

16 

P32/T02C: 

17 

P33/TII c 

18 

P34/TI2II 

19 

P35/PCLC: 

20 

P3e/BUZ c 

21 

P37C: 

22 

COMOC 

23 

COM1 C 

24 

C0M2C 

25, 


to is.ooo>OT-eMeo 5 U 2 <oKooo>OT-eMeo^iptoNcoo>o 
cMCMeMCMCoeoeotoeoc5eo<oeocO'>»'»tM''^4^Tt'M-'M-'M-io 

- □ " "□TJ "nTJ ' U"U ' LTD "U' T U UT] '' nTJ '' TTD '' TT T JTm" 

CO (0 o 1 - CM WO i-cMeo^io<oh»coo>OT-CMeon«o<or«.co 
S< <^OOjn(0V)V)(0<n<0(n(0t0(n;zjzj::jzjTjzjzj;:jz 

(ototototototococo 


] P7o/SI2/RxD 
] P 27 /S^ 

] P2e/S0(ySB1 
] P25/SIO/SBO 
] P 80 /S 39 
] P8i/S38 
] P 82 /S 37 
] P83/S36 
] P84/S35 
] P85/S34 
] P8e/S33 
] P87/S32 
3 P9o/S31 
3 P9i/S30 
3 P92/S29 
3 P93/S28 
3 P94/S27 
3 P95/S26 
3 P9e/S25 
3 P97/S24 
3 S23 
3 S22 
3 S21 
3 S20 
3S19 


(1) Connect IC (Internally connected) pin (Vppon tiPD78P064) to Vqq 

(2) AVqq should be connected to Vqq 

(3) AV 33 should be connected to V 33 
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Pin Configurations (cont) 

100~Pin Plastic QFP or Ceramic LCC With Window (14x20 mm) 


ujOT-wco^ujcoKOT-cao'tiocoN.eocsiT- 

Mooooec}oooooomepo)0>o>OTa>o>o>acMC^CM 

CLa.a.Q.a.Q.a.Q.Q.Q.a.Q.a.Q.a.QLa.coco(0 


P26/SO(ySB1 [ 
P 27 /SCKO C 
P7o/SI2/RxD [ 
P7i /S02/TXD C 
P72/SCK2/ASCK C 
1C (Vpp) C 
X 2 C 
X 1 C 

'^DD ^ 
XT1/P07 [ 
XT 2 C 
RESETC 
POq/INTPO/TIOO C 
PO 1 /INTPiyTI01 [ 
PO 2 /INTP 2 [ 
PO 3 /INTP 3 [ 
PO 4 /INTP 4 [ 
PO 5 /INTP 5 C 

Pilot 
PII 1 C 
PII 2 t 
PII 3 C 
PII 4 [ 
PllgC 

pnet 

P 1 I 7 [ 
AVss t 
PIq/ANIO [ 
PI 1 /ANI1 [ 
PI 2 /ANI2 [ 


80 

□ S20 

79 

1S19 

78 

□ S18 

77 

□ S17 

76 

□ S16 

75 

□ S15 

74 

□ S14 

73 

JS13 

72 

□ S12 

71 

□ S11 

70 

□ S10 

69 

□ S9 

68 

□ S8 

67 

□ S7 

66 

□ S6 

65 

□ S5 

64 

□ S4 

63 

□ S3 

62 

□ S2 

61 

□ si 

60 

□ SO 

59 

^ Vss 

58 

^ Vi_C2 

57 

=]Vlci 

56 

^ Vlco 

55 

□ BIAS 

54 

□ COM3 

53 

□ COM2 

52 

□ COMI 

51 

□ COMO 


UUUUUUUUUUUUUUU UTJ^LTXn 

e0rt»O<Dh- ClLLOj-tOWCOOT*CMT-e\4_JN 


CO ^ lO CD N 

a! a ql OL E 


(1) Connect IC (Internally connected) pin (Vpp on nPD78P064) to V 5 S 

( 2 ) AVqq should be connected to Vqq 

(3) AVss should bo connected to Vss 
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Pin Functions; Normal Operating Mode 

Symtx>l 

First Function 

Symbol 

Alternate Function 

POo 

Port 0; 7-bit, bit selectable I/O port 

INTPO 

External maskable interrupt 


(Bits 0 and 7 are input only) 

TIO 

External count clock input to timer 0 or timer 0 
capture trigger to capture registers CROO and CR01 

P01 


INTP1 

External maskable interrupt 



TI01 

Timer 0 capture trigger to capture register CROO 

P 02 


INTP2 

External maskable interrupt 

P 03 


INTP3 


P 04 


INTP4 


P 05 


INTP5 


P 07 


XT 1 

Crystal oscillator or external clock input for 
subsystem clock 

P 10 -P 17 

Port 1; 8 -bit, bit-selectable I/O port 

ANIO - ANI7 

Analog input to A/D converter 

P25 

Port 2; 3-bit, bit-selectable I/O port 

SIO 

Serial data input, three-wire serial I/O mode 



SBO 

2/3-wire serial I/O mode 

P 26 


SCO 

Serial data output, three-wire serial I/O mode 



SB1 

2/3-wire serial I/O mode 

P27 



Serial clock I/O for serial interface 0 

P3o 

Port 3; 8 -bit, bit-selectable I/O port 

TOO 

Timer output from timer 0 

P3i 


T01 

Timer output from timer 1 

P32 


T02 

Timer output from timer 2 

P33 


TI1 

External count clock input to timer 1 

P34 


TI2 

External count clock input to timer 2 

P35 


PCL 

Programmable clock output 

P36 


BUZ 

Programmable buzzer output 

P37 


— 


P7o 

Port 7; 3-bit, bit-selectable I/O port 

SI2 

Serial data input, three-wire serial I/O mode 



RxD 

Asynchronous serial data input 

P7l 


S02 

Serial data output, three-wire serial I/O mode 



TxD 

Asynchronous serial data output 

P72 



Serial clock I/O for serial interface 2 



ASCK 

Asynchronous serial clock input 

PSq - P 87 

Port 8 ; 8 -bit, bit-selectable I/O port 

S39 - S32 

LCD controller/driver segment signal output 

P9o-P97 

Port 9; 8 -bit, bit-selectable I/O port 

S31 - S24 

LCD controller/driver segment signal output 

PIO 0 -PIO 3 

Port 10; 4-bit, bit-selectable I/O port 



PII 0 -PII 7 

Port 11; 8 -bit, bit-selectable I/O port 



S0-S23 

LCD controller/driver segment signal output 



COMO - COM3 

LCD controller/driver common signal output 



Vlco-VlC 2 

LCD drive voltage input pins 



BIAS 

LCD drive power supply output 



RESET 

External system reset input 



XI 

Crystal/ceramic reaonator connection or 
external clock input for main system clock 



X2 

Crystal/ceramic resonator connection or inverse 
of external clock for main system clock 



XT 2 

Crystal oscillator or left open when not using 
the subsystem clock 
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Pin Functions; Normai Operating Mode (cont) 



Symbol First Function 

Symbol 

Alternate Function 


AVrep A/D converter reference voltage 


AVdd 

A/D converter power supply input 

AVss 

A/D converter ground 

VdD 

Power-supply input 

Vpp 

/;PD78P064 PROM programming power-supply 
input 

Vss 

Power-supply ground 

1C 

Internal connection 


Note: See table 2 and figure 4 for details. 
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Block Diagram 


TOO/P30 <- 

16-blt 

TIOO/INTPO/POo-> 

Timer/Event 

TIOI/INTPI/PO 1 - > 

Counter 0 


p 


T01/P31 
TI1/P33 — 

T02^P32 <- 
T12(P34 — 


8-bit 

Tlmar/Event 
Counter 1 


P 


8-bit 

Timer/Event 
Counter 2 


p 


Watchdog 

Timer 


p 


Clock 


Timer 


SI0/SB(yP25 - 
SOO/SB1/P26 - 
SCK(yP 27 - 

SI2^RxCyP7o - 
S02/TxD/P7i - 
SCK^ASCWP72 - 


Serial 
Interface 0 


P 


Serial 
interface 2 


P 


ANKVPIo-,-NT 

ANI 7 /PI 7 '- 

AVdd — 
AVSS — 
AVref — 


A/D 

Converter 


P 


INTPO/POq -1 -M Interrupt |yL-\| 

INTP 5 /PO 5 '—vA Controller |Vt/| 


Program Counter 


H 


Internal 

Program Memory 
(ROM/PROM) 
Note 1 


H 


P 



General Reg. 

Decode 


Internal 

and 


Data Memory 

Control 


(RAM) 



Note 1 




p 


PortO PO 0 -PO 5 . PO 7 


O O 


O PortZ P25-P27 


O Porta <]:^P3 o-P37 


O P°'«7 <^P7o^>72 


O P®0-P87 


7Y 


\ ALU L 


Buzzer 

Programmable 

Clock 

Clock Generator 

Standby 

Output 

Clock Output 

Divider 

Sub 

Main 

Control 


- h - 


BUZ/P36 PCL/P35 PO 7 /XTI XT2 XI X2 

t I 


RESET Vdd Vss IC 
(Vpp) 
Note 2 


O P90-P®7 


Port 10 PIO 0 -PIO 3 


p 


p 


LCD 

Controller/ 

Driver 


jo "VP 117 

fO S0-S23 

-K S24/P97- 

—/ S31/P90 

-\ S 32 /P 87 - 

-/ S 39 /P 80 

S COMO-COM3 

Vlqo-VlC2 

BIAS 


T 

-^LCD 


(1) Internal ROM and RAM size dependent on the device. 

(2) Pin name In parentheses for the |iPD78P064 


B3YL-9596B(9/93) 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit 

The central processing unit (CPU) of the ^PD78064 
family features 8- and 16-bit arithmetic including an 8 x 
8-bit unsigned multiply and 16 x 8-bit unsigned divide 
(producing a 16-bit quotient and an 8-bit remainder). 
The multiply executes in 3.2 fjs and the divide in 5 fjs 
using the fastest clock cycle with a main system clock 
of 5.0 MHz. 

A CALLT vector table and a CALLF area decrease the 
number of bytes in the call instructions for commonly 
used subroutines. A 1-byte call instruction can access 
up to 32 subroutines through their addresses con¬ 
tained in the CALLT vector table (40H to 7FH). A 2-byte 
call instruction can access any routine beginning in a 
specific CALLF area (0800H to OFFFH). 


Internal System Clock Generator 

The internal system clocks of the /iPD78064 family are 
derived from either the main system or the subsystem 
oscillator. See figure 1. The clocks for the clock timer 
and programmable clock output are derived from either 
the subsystem clock (fxi) or the main system clock. The 
clocks for all other peripheral hardware are derived 
from the main system clock. 

The CPU clock (0) can be supplied from either the main 
system clock (fx) or the subsystem clock (fxi)- A selec¬ 
tor, which is controlled by the oscillation mode selec¬ 
tion register (OSMS), determines whether the main 
system clock (fx) or the scaled main system clock (fx/ 2 ) 
is provided to the prescalar (fxx)- Using the processor 
clock control register (PCC), a CPU clock frequency 
equal to fxx, fxx/2, fxx/8, fxx/‘*6 or the subsystem 


Figure 1. internal System Clock Generator 


XTI/PO 7 ©—> Subsystem 
Clock 

XT2 ®—> Oscillator 


XI (3 )—> 
X2@—> 


Main System 
Clock 
Oscillator 


6 


^XT 


Scalar 


^XX 


txx 

2 




To Clock Timer, Programmable 
Output 


Clocks to Peripheral Hardware 


To Subsystem 
Clock Oscillator 


Standby 

Control 

Circuit 


Walt Control 
Circuit 


CPU Clock 0 


INTPO 

Sampling Clock 


Oscillation Mode Selection Register 
(OSMS) 


Processor Clock Control Register 
(PCC) 

> 

[ 

_ 8 _ 


83RC-9582B (9^93) 
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clock fxT can be selected. The CPU clock selected 
should be based on the power supply voltage available 
and the desired power consumption. On power up, the 
CPU clock defaults to the lowest speed from the main 
system clock (fxx/16 with fxx = fx/2) and can be 
changed while the microcomputer is running. 

Since the shortest instruction takes two CPU clocks to 
execute, the fastest minimum instruction execution 
time (tcv) of 0.4/is is achieved with a main system clock 
at 5.0 MHz (fxx = fx) and a Vdd of 4.5 to 6.0 volts. 
However, if the clock timer must generate an interrupt 
every 0.5 or 0.25 seconds, tcy is 0.48 fjs at 4.19 MHz 
with fxx = fx- The fastest minimum Instruction execu¬ 
tion time available across the full voltage range of 2.7 to 
6.0 volts is 0.96 /js with a 4.19-MHz main system clock 


ffxx = W- ^or the lowest power consumption, the CPU 
can be operated from the subsystem clock and the 
minimum Instruction execution time Is 122/iS at 32.768 
kHz. 

Memory Space 

The ^PD78064 family’s program and data memory are 
mapped into the 64K byte address space (OOOOH- 
FFFFH). See figure 2. The /iPD78064 family Is opti¬ 
mized for single-chip operation and does not permit 
external memory. 


Figure 2. Memory Map 



Notes: 

(1) 3FFFH on (iPD780e2 
5FFFH on nPD78063 
7FFFH on iiPD78064/P064 

(2) FCFFH on JAPD78062 
FAFFH on !xPD78063^064/P064 

83RC-g5g2B (g^gs) 


3g 
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NEC 


Internal Program Memory 

All devices in the jL/PD78064 family have internal pro¬ 
gram memory. The /iPD78062/063/064 contain 16K, 
24K, and 32K bytes of internal ROM, respectively. The 
/iPD78P064 contains 32K bytes of UV EPROM or one 
time programmable ROM. To allow the /LiPD78P064 to 
emulate the mask ROM devices, the amount of internal 
program memory available In the /jPD 78P064 can be 
selected using the memory size switching register 
(IMS). 

Internal RAM 

The JUPD78062 has 512 bytes and the AiPD78063/064/ 
P064 have 1024 bytes of Internal RAM. This Internal 
RAM consists of two types: high-speed Internal RAM 
and LCD data RAM. 

The /iPD78062 contains 512 bytes (FDOOH to FEFFH) 
while the ^PD78063/064/P064 contain 1024 bytes 
(FBOOH to FEFFH) of high-speed Internal RAM. The 
high-speed Internal RAM contains the general register 
banks and the stack. The remainder of the high-speed 
Internal RAM and any unused register bank locations 
are available for general storage. 

All devices also contain 40 x 4 bits of LCD data RAM 
{FA58H to FA7FH). The LCD data RAM Is used for the 
display data and/or the unused portion for general 
storage. 

To allow the )LiPD78P064 to emulate the mask ROM 
devices, the amount of ROM and high-speed Internal 
RAM available in the jL/PD78P064 can also be selected 
using the IMS. 


CPU Control Registers 

Program Counter. The program counter is a 16-bit 
binary counter register that holds the address of the 
next instruction to be executed. During reset, the 
program counter is loaded with the address stored in 
locations OOOOH and 0001H. 

Stack Pointer. The stack pointer is a 16-bit register that 
holds the address of the last item pushed onto the 
stack. It is decremented before new data is pushed 
onto the stack and incremented after data is popped 
off the stack. 

Program Status Word. The program status word 
(PSW) is an 8-bit register that contains flags that are 
set or reset depending on the results of an instruction. 
This register can be written to or read from 8 bits at a 
time. The individual flags can also be manipulated on a 
bit-by-bit basis. The assignment of PSW bits follows. 


7 0 


IE 

Z 

RBS1 

AC 

RBSO 

0 

ISP 

CY 


CY Carry flag 

ISP In-service (interrupt) priority flag 

RBSO, RBS1 Register bank selection flags 

AC Auxiliary carry flag 

Z Zero flag 

IE Interrupt request enable flag 
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General Registers 

The general-purpose registers (figure 3) consist of four 
banks of registers located at addresses FEEOH to 
FEFFH in Internal RAM. Each bank consists of eight 
8-bit general registers that can also be used in pairs to 
function as four 16-bit registers. Two bits in the PSW 
(RBSO and RBS1) specify which of the register banks Is 
active at any time and are set under program control. 

Registers have both functional names (like A, X, B, C, D, 
E, H, or L for 8-bit registers and AX, BC, DE, and HL for 
16-bit registers) and absolute names (like R1, RO, R3, 
R2, R5, R4, R6, or R7 for 8-bit registers and RPO, RP1, 
RP2, or RP3for 16-bit registers). Either the functional or 
absolute register names can be used In instructions 
that use the operand identifiers r and rp. 


posed of 224 bytes of Internal high speed RAM; FFOOH 
to FF1FH contain the first 32 bytes in the special 
function register area. 

One-byte addressing is accomplished by using the first 
byte of the Instruction for the opcode (and one oper¬ 
and if register A or AX is used) and the second byte of 
the Instruction as an address (offset) into the 256-byte 
area. If register A or AX is used, the instructions are 2 
bytes long thereby providing fast access times. If im¬ 
mediate data Is used, the Instruction will be 3 or 4 bytes 
long depending upon whether the immediate data Is a 
byte or a word. Many 16-blt SFRs are in the space 
FFOOH to FF1FH. Using AX as an operand to these 
SFRs will provide fast access, since the instruction will 
be only 2 bytes long. 


Figure 3. General Registers 
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Addressing 

The program memory addressing (ROM) modes pro¬ 
vided are relative, immediate, table Indirect, and regis¬ 
ter addressing. The operand addressing modes pro¬ 
vided are implied, register, direct, short direct (saddr), 
special-function (SFR), register indirect, based, based 
indexed, and stack addressing. 

The SFR addressing and saddr addressing modes use 
direct addressing and require only 1 byte in the instruc¬ 
tion to address RAM. Normally a 65K byte address 
space requires 2 bytes to address it. One-byte address¬ 
ing results in faster access times, since the instructions 
are shorter. SFR addressing addresses the entire 256- 
byte SFR address space FFOOH to FFFFH. Saddr ad¬ 
dressing (see figure 2) addresses the 256-byte address 
space FE20H to FF1FH. FE20H to FEFFH are com- 


Special Function Registers 

The Input/output ports, timers, capture and compare 
registers, and mode and control registers for both the 
peripherals and CPU are collectively known as special 
function registers. They are all memory-mapped be¬ 
tween FFOOH and FFFFH and can be accessed either 
by main memory addressing or by SFR addressing. 
FFOOH to FF1FH can also be accessed using saddr 
addressing. They are either 8 or 16 bits as required, and 
many of the 8-bit registers are bit addressable. Table 1 
lists the special function registers. 

Input/Output Ports 

Each device in the jL/PD78064 family has 57 port lines. 
Table 2 lists the features of each port and figure 4 
shows the structure of each port pin. 


11 









PPD78064 Family 



Table 1. Special Function Registers _ 

Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

FFOOH 

Porto 

PO 

R/W 

X 

X 

— 

OOH 

FF01H 

Port 1 

PI 

R/W 

X 

X 

_ 

OOH 

FF02H 

Port 2 

P2 

R/W 

X 

X 

— 

OOH 

FF03H 

Port 3 

P3 

R/W 

X 

X 

— 

OOH 

FF07H 

Port 7 

P7 

R/W 

X 

X 

— 

OOH 

FF08H 

Port 8 

P8 

R/W 

X 

X 

— 

OOH 

FF09H 

Port 9 

P9 

R/W 

X 

X 

- 

OOH 

FFOAH 

Port 10 

P10 

R/W 

X 

X 

— 

OOH 

FFOBH 

Port 11 

P11 

R/W 

X 

X 

— 

OOH 

FF10H-FF11H 

Capture/compare register 00 

CROO 

R/W 

— 

— 

X 

Undefined 

FF12H-FF13H 

Capture/compare register 01 

CR01 

R/W 

— 

— 

X 

Undefined 

FF14H-FF15H 

16-bit timer register 

TMO 

R 

— 

— 

X 

OOH 

FF16H 

Compare register 10 

CR10 

R/W 

— 

X 

— 

Undefined 

FF17H 

Compare register 20 

CR20 

R/W 

— 

X 

- 

Undefined 

FF18H 

8-bit timer register 1 

TM1 

R 

X 

X 

— 

OOH 

FF19H 

8-bit timer register 2 

TM2 

R 

X 

X 

— 

OOH 

FF18H-FF19H 

16-bit timer register 

TMS 

R 

— 

— 

X 

OOOOH 

FF1AH 

Serial I/O shift register 0 

SlOO 

R/W 

— 

X 

— 

Undefined 

FF1FH 

A/D conversion result register 

ADCR 

R 

— 

X 

— 

Undefined 

FF20H 

Port mode register 0 

PMO 

R/W 

X 

X 

— 

FFH 

FF21H 

Port mode register 1 

PM1 

R/W 

X 

X 

— 

FFH 

FF22H 

Port mode register 2 

PM2 

R/W 

X 

X 

— 

FFH 

FF23H 

Port mode register 3 

PM3 

R/W 

X 

X 

— 

FFH 

FF27H 

Port mode register 7 

PM7 

R/W 

X 

X 

— 

FFH 

FF28H 

Port mode register 8 

PM8 

R/W 

X 

X 

— 

FFH 

FF29H 

Port mode register 9 

PM9 

R/W 

X 

X 

— 

FFH 

FF2AH 

Port mode register 10 

PM10 

R/W 

X 

X 

— 

FFH 

FF2BH 

Port mode register 11 

PM11 

R/W 

X 

X 

— 

FFH 

FF40H 

Timer clock select register 0 

TCLO 

R/W 

X 

X 

— 

OOH 

FF41H 

Timer clock select register 1 

TCL1 

R/W 

— 

X 

— 

OOH 

FF42H 

Timer clock select register 2 

TCL2 

R/W 

— 

X 

- 

OOH 

FF43H 

Timer clock select register 3 

TCL3 

R/W 

_ 

X 

— 

88H 

FF47H 

Sampling clock select register , 

SCS 

R/W 

— 

X 

— 

OOH 

FF48H 

16-bit timer mode control register 

TMCO 

R/W 

X 

X 

- 

OOH 

FF49H 

8-bit timer mode control register 

TMC1 

R/W 

X 

X 

— 

OOH 

FF4AH 

Clock timer mode control register 

TMC2 

R/W 

X 

X 

— 

OOH 

FF4CH 

Capture/compare control register 0 

CRCO 

R/W 

X 

X 

— 

04H 

FF4EH 

16-bit timer output control register 

TOCO 

R/W 

X 

X 

— 

OOH 

FF4FH 

8-bit timer output control register 

TOC1 

R/W 

X 

X 

- 

OOH 

FF60H 

Serial operating mode register 0 

CSIMO 

R/W 

X 

X 

— 

OOH 
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Table 1. Special Function Registers (cont) _ 

Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

FF61H 

Serial bus interface control 
register 

SBIC 

R/W 

X 

X 

— 

OOH 

FF62H 

Slave address register 

SVA 

R/W 

— 

X 

— 

Undefined 

FF63H 

Interrupt timing specify register 

SINT 

R/W 

X 

X 

— 

OOH 

FF70H 

Asynchronous serial interface 
mode register 

ASIM 

R/W 

X 

X 

— 

OOH 

FF71H 

Asynchronous serial interface 
status register 

AS IS 

R 

X 

X 

— 

OOH 

FF72H 

Serial interface operating mode 
register 2 

CSIM2 

R/W 

X 

X 

— 

OOH 

FF73H 

Baud rate generator control 
register 

BRGC 

R/W 

- 

X 

- 

OOH 








■ 

FF74H 

Transmit shift register 

TXS 

W 

— 

X 

— 

FFH 

1 

(Note 1) 

Serial I/O shift register 

SI02 

R/W 

— 

X 

— 

FFH 

■ 


Receive buffer register 

RXB 

R 

— 

X 

— 

FFH 1 


FF80H 

A/D converter mode register 

ADM 

R/W 

X 

X 

— 

01H 


FF84H 

A/D converter input select register 

ADIS 

R/W 

— 

X 

— 

OOH 

FFBOH 

LCD display mode register 

LCDM 

R/W 

X 

X 

- 

OOH 

FFB2H 

LCD display control register 

LCDC 

R/W 

X 

X 

— 

OOH 

FFB8H 

Key return mode register 

KRM 

R/W 

X 

X 

— 

02H 

FFEOH 

Interrupt flag register L 

IFOL 

R/W 

X 

X 

- 

OOH 

FFE1H 

Interrupt flag register H 

IFOH 

R/W 

X 

X 

— 

OOH 

FFE0H-FFE1H 

Interrupt flag register 

IFO 

R/W 

— 

— 

X 

OOOOH 

FFE2H 

Interrupt request flag register 1L 

IF1L 

R/W 

X 

X 

- 

OOH 

FFE4H 

Interrupt mask flag register L 

MKOL 

R/W 

X 

X 

— 

FFH 

FFE5H 

Interrupt mask flag register H 

MKOH 

R/W 

X 

X 

— 

FFH 

FFE4H-FFE5H 

Interrrupt mask flag register 

MKO 

R/W 

— 

- 

X 

FFFFH 

FFE6H 

Interrupt mask flag register 1L 

MK1L 

R/W 

X 

X 

— 

FFH 

FFE8H 

Priority order specify flag register 

L 

PROL 

R/W 

X 

X 

— 

FFH 

FFE9H 

Priority order specify flag register 

H 

PROH 

R/W 

X 

X 

— 

FFH 

FFE8H-FFE9H 

Priority order specify flag register 

PRO 

R/W 

— 

— 

X 

FFFFH 

FFEAH 

Priority order specify flag register 

1L 

PR1L 

R/W 

X 

X 

— 

FFH 

FFECH 

External interrupt mode register 0 

INTMO 

R/W 

— 

X 

- 

OOH 

FFEDH 

External interrupt mode register 1 

INTM1 

R/W 

- 

X 

- 

OOH 

FFFOH 

Memory size switch register 

IMS 

W 

_ 

X 

— 

(Note 2) 

FFF2H 

Oscillation mode select register 

OSMS 

W 

X 

X 

- 

OOH 

FFF3H 

Pullup resistor option register H 

PUOH 

R/W 

X 

X 

— 

OOH 

FFF7H 

Pullup resistor option register L 

PUOL 

R/W 

X 

X 

— 

OOH 

FFF9H 

Watchdog timer mode register 

WDTM 

R/W 

X 

X 

— 

OOH 
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NEC 


Table 1. Special Function Registers (cont) 





Access Units (Bits) 

Address 

Register (SFR) 

Symbol 

R/W 1 8 

16 State After Reset 

FFFAH 

Oscillation stabilization time select OSTS 

register 

R/W — X 

— 04H 

FFFBH 

Processor clock control register PCC 

R/W X X 

— 04H 

Notes: 

(1) SI02 can be used instead of TXS and RXB. SI02 is not a register: (2) 

it is another symbol that can be used to reference the TXS and 

RXB registers. A write to S102 causes the CPU to write to the TXS 
register, and a read from SI02 causes the CPU to read the RXB 
register. 

Value after reset depends on device 
/;PD78062: 44H 
/iPD78063: C 6 H 
/iPD78064: C 8 H 

A/PD78P064: C 8 H 

Table 2. Digital Port Functions 




Port 

Operational Features 

Configuration 

Direct Drive Capability 

Software Pullup Resistor 
Connection (Note 1) 

Port 0 (Note 2 ) 

7-bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 1 (Note 3) 

8 -bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 2 

3-bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 3 

8 -bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port? 

3-bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 8 (Note 4) 

8 -bit input or output 

Bit selectable 

LCD 

Byte selectable, input bits only 

Port 9 (Note 4) 

8 -bit input or output 

Bit selectable 

LCD 

Byte selectable, input bits only 

Port 10 

4-bit input or output 

Bit selectable 

LED 

Byte selectable, input bits only 

Port 11 

8 -bit input or output 

Bit selectable 


Byte selectable, input bits only 


Notes: 


(1) Software pullup resistors can be internally connected (only on a 
port-by-port basis) to port bits set to input mode. Pullup resis¬ 
tors are not connected to port bits set to output mode. 

(2) POq and PO 7 are input only and do not have a software pullup 
resistor. When using PO 7 as an input, the feedback resistor for the 
subsystem clock should be disconnected with bit 6 (FRC) of the 
processor control register (PCC). 

(3) Pullup resistors are automatically disconnected on pins used for 
A/D converter analog inputs. 

(4) Specified in units of two as either port pins or segment pins. 
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Figure 4. Pin input/Output Circuits (cent) 

I Type16(P07,XT2) I Type 17-A (PSq - P«7» P9 o- P97) 
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A/D Converter 

The ^PD78064 family analog-to-digital (A/D) converter 
(see figure 5) uses the successive-approximation 
method for converting one of eight multiplexed analog 
Inputs Into 8-blt digital data The minimum conversion 
time per Input is 19.1 /is. 

The A/D converter input select register (ADIS) selects 
the number of inputs that are used in A/D conversion. 
The remaining inputs are used as ports. The analog 
input to be converted Is selected by programming the 


A/D converter mode register (ADM). A/D conversion is 
started by external interrupt INTP3 or by writing to the 
ADM. When the conversion Is completed, the results are 
stored in the A/D conversion result register (ADCR) and 
an INTAD interrupt Is generated. 

If the A/D converter was started by an external Inter¬ 
rupt, the A/D converter stops after the Interrupt is 
generated. If the A/D converter was started by soft¬ 
ware, the A/D converter repeats the conversion until 
new data is written to the ADM register. 


Figure 5. A/D Converter 
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Notes: 

(1) Selects number of Port 1 inputs to be used for A/D conversion. 

(2) Selects the channel for A/D conversion. 
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Serial Interfaces 

The/L/PD78064 family has two independent serial inter¬ 
faces: serial interface 0 and serial interface 2. 

Serial Interface 0. Serial interface 0 is an 8-bit clock 
synchronous serial interface (figure 6). It can be oper¬ 
ated in either a three-wire serial I/O mode, NEC serial 
bus interface (SBI) mode, or two-wire serial I/O mode. 
The serial clock can be provided from one of eight 
internal clocks, the ou tput o f 8-bit timer register 2, or 
the external clock line SCKO. 


Figure 5. Serial interface 0 
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In the three-wire serial I/O mode, the 8-bit shift register 
(SlOO) is loaded with a byte of data and eight clock 
pulses are generated. The falling edge of these eight 
pulses shifts the byte of data out of the SOO line (either 
MSB or LSB first) while the rising edge of these pulses 
shifts the data In from the SIO line providing full-duplex 
operation. The INTCSIO Interrupt is generated after 
each 8-bit transfer. 

The NEC SBI mode is a two-wire high-speed proprietary 
serial interface available on most devices in the NEC 
^PD75xxx and ^PD78xxx product lines. Devices are 
connected in a master/slave configuration (see figure 
7). There is only one master device at a time; all others 
are slaves. The master sends addresses, commands, 
and data over one of the serial bus lines (SBO or SB1) 
using a fixed hardware protocol synchronized with the 
SCKO line . Each slave device of the /JPD78064 family 
can be programmed to respond in hardware to any one 
of 256 addresses set In its slave address register (SVA). 
There are also 256 commands and 256 data types. 
Since all commands are user definable, many software 
protocols, simple or complex, can be defined. It is even 
possible to develop commands to change a slave into a 
master and the previous master into a slave. 


Figure 7. SBi Mode Master/Slave Configuration 



The two-wire serial I/O mode provides half-dupl ex op- 
eration using either the SBO or SB1 line and the SCKO 
line. Communication format and handshaking can be 
handled in software by controlling the output levels of 
the data and clock lines between transfers. For data 
transmission, when the 8-bit shift register (SlOO) is 


loaded with a byte of data, eight clock pulses are 
generated. The falling edge of these eight pulses shifts 
the byte of data out of either the SBO or SB1 line (MSB 
first). In addition, this byte of data is also shifted back 
into SlOO on the rising edge of these pulses providing a 
means of verifying that the transmission was correct. 

For data reception, the SlOO register is preloaded with 
the value FFH. As this data value is shifted out on the 
falling edge of the serial clock, it disables the n-channel 
open-drain driver. This allows the receive data to be 
driven on to the serial line and shifted into the SlOO 
register on the rising edge of the serial clock. The 
INTCSIO Interrupt is generated after each 8-bit transfer. 

Serial Interface 2. Serial interface 2 is an 8-bit serial 
interface (figure 8) that can be operated in either a 
UART mode or a three-wire serial I/O mode. The internal 
baud rate generator circuit (figure 9) scales an internal 
clock to provide standard baud rates from 75 to 38400 
bps. For non-standard baud rates, the internal baud 
rate generator circuit scales an external clock input on 
the ASCK pin. The output of the baud rate generator 
circuit is used as the data transmission and sampling 
clock in the UART mode or the data clock in the 
three-wire serial I/O mode. 

In the UART mode, half or full-duplex operation with 
various protocols is programmable. The asynchronous 
serial interface mode register (ASIM) Is used to specify 
the number of stop bits (1 or 2), data character length 
(7 or 8 bits), parity (none, even, or odd), receive oper¬ 
ation control (enable or disable), and transmit opera¬ 
tion control (enable or disable). The ASIM register is 
also used to enable or disable the generation of an 
interrupt when a reception error occurs and if an 
internal or external clock will be supplied to the baud 
rate generator circuit. 

A transmit operation is started by writing a data 
character to the transmit shift register (TXS) register. 
The start bit, parity bit, and stop bits are automatically 
added by the hardware to the data character in the TXS 
register. The data in the TXS register is shifted out of the 
TxD line and when the TXS register Is empty, a trans¬ 
mission complete Interrupt (INTST) is generated. 

When the receive operation control Is enabled, the RXD 
line is sampled using the clock specified by the ASIM 
register. When the RxD line is detected low, sampling 
starts at the midpoint of each bit. If the first sample 
yields a low, It is Identified as a start bit. The RxD line 
continues to be sampled at the midpoint of each bit. 
Reception of one frame of data is complete when the 
data character bits, parity bit (if being transmitted), 
and one stop bit are detected after the start bit. Even if 
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Figure 8. Serial interface 2 
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the protocol is set for two stop bits, only one stop bit is 
used for the end of reception detection. 

When one frame of data has been received, the re¬ 
ceived data in the shift register is transferred to the 
receive buffer (RXB) and a reception complete vectored 
Interrupt (INTSR) is generated even if an error (parity 
and/or framing) is detected. The data must be read 


from the RXB register before another frame Is received 
or an overrun error will be generated. If an error occurs, 
the appropriate flag Is set in the asynchronous serial 
interface status register (ASIS) and a receive error 
interrupt (INTSER) Is generated. 

In the three-wire serial I/O mode, the TXS register is 
loaded with a byte of data and eight clock pulses are 
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Figure 9. Internal Baud Rate Generator 
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generated. The falling edge of these eight pulses shifts 
the byte of data out of the S02 line (either MSB or LSB 
first) while the rising edge of these pulses shifts the 
data in from the SI2 line providing full-duplex opera¬ 
tion. The INTCSI2 interrupt is generated after each 
8-bit transfer. 





fiPD78064 Family 


Timers 

The /iPD78064 family has one 16-bit timer/event 
counter, two 8-bit timer/event counters that can be 
combined for use as a 16-bit timer/event counter, a 
clock timer, and a watchdog timer. All of these can be 
programmed to count a number of prescaled values of 
the main system clock. In addition, the clock timer can 
also count the subsystem clock. All of the timer/event 
counters can count external events. 


16-Blt Timer/Event Counter 0. Timer/event counter 0 
(figure 10) consists of a 16-bit counter (TMO), two 16-bit 
capture/compare registers (CROO, CR01), control regis¬ 
ters (TMCO, TOCO, and CRCO), clock select register 
(CLCO), and a timer output control circuit (TOO). Timer 
0 can be used as an interval timer, to count external 
events on the timer input (TlOO) pin, to output a pro¬ 
grammable square wave, a 14-bit pulse-width modu¬ 
lated output, a one-shot pulse output, or to measure 
pulse widths. 


Figure 10. 16-Bit Timer/Event Counter 0 
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8-Bit Timer/Event Counters 1 and 2. Timer/event 
counters 1 and 2 (figure 11) each consist of an 8-bit 
timer (TM1 or TM2), an 8-bit compare register (CR10 or 
CR20), and timer output control logic (T01 orT02). The 
timers are controlled by registers TCL1, TMC1, and 
TOC1 via five selectors. Timer/event counters 1 and 2 
can each be used as an 8-blt interval timer, to count 
external events on the timer Input pins (Til orTI2), orto 
output a programmable square wave. In addition, tim¬ 
ers 1 and 2 also can be combined as a 16-blt timer/ 
event counter and used as a 16-bit Interval timer, to 
count external events on Til, or to output a program¬ 
mable square wave on T02. 


Figure 11. 8-Bit Timer/Event Counters 1 and 2 
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Clock Timer 3. Clock timer 3 (figure 12) is a 5-bit timer 
that can be used as a time source to keep track of time 
of day, to release the STOP or HALT modes at regular 
intervals, or to Initiate any other task that must be 
performed at regular intervals. When driven by the 
subsystem clock, the clock timer continues to operate 
in the STOP mode. 

The clock timer can function as both a clock timer and 
interval timer simultaneously. When used as a clock 
timer, interrupt request INTWT (not a vectored Inter¬ 
rupt) can be generated using a main or subsystem 
clock every 0.5 or 0.25 seconds. When used as an 
interval timer, vectored Interrupt request INTTM3 Is 
generated at preselected time Intervals. With a main 
system clock of 4.19 MHz and fxx = fx or if using the 
subsystem clock of 32.768 kHz, the following time 
intervals can be selected: 489 jus, 97BfJs, 1.96 ms, 3.91 
ms, 7.82 ms or 15.6 ms. 

Figure 12. Clock Timer 3 
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Watchdog Timer. The watchdog timer (figure 13) can 
be used as either a watchdog timer or an interval timer. 
When used as a watchdog timer it protects against 
program run-away. It can be selected to generate a 
nonmaskable Interrupt (INTWDT), which vectors to ad¬ 
dress 0004H, or to generate an internal reset signal, 
which vectors to the restart address OOOOH if the timer 
Is not cleared by the program before it overflows. Eight 
program-selectable intervals based on the main sys¬ 
tem clock are available. With a main system clock of 
4.19 MHz and fxx = fx. they are 0.489, 0.978,1.96,3.91, 
7.82,15.6,31.3, and 125 ms. With a main system clock of 
4.19 MHz and fxx = fx/2, they are 0.978,1.96, 3.91, 7.82, 
15.6,31.3,62.6, and 250 ms. Once the watchdog timer is 
Initialized and started, the timer’s mode cannot be 
changed and the timer can only be stopped by reset. 

When used as an interval timer, maskable interrupts 
(INTWDT), which vector to address 0004H, are gener¬ 
ated repeatedly at a preset interval. The time Intervals 
available are the same as in the watchdog timer mode. 


Programmable Clock Output 

The/iPD78064 family has a programmable clock output 
(PCL) that can be used for carrier output for remote- 
controlled transmissions or as a clock output for pe¬ 
ripheral devices. The main system clock (fxx)clivided by 
1, 2, 4, 8, 16, 32, 64, or 128 or the subsystem clock (fxj) 
can be output on the PCL pin. If the main system clock 
is 4.19 MHz and fxx = fx. fhe following frequencies are 
available: 4.19 MHz, 2.1 MHz, 1.05 MHz, 524 kHz, 262 
kHz, 131 kHz, 65.5 kHz, and 32.7 kHz. With a main 
system clock of 4,19 MHz and fxx = fx/2, the following 
frequencies are available: 2.1 MHz, 1.05 MHz, 524 kHz, 
262 kHz, 131 kHz, 65.5 kHz, 32.7 kHz and 16.4 kHz. With 
a subsystem clock of 32.768 kHz, 32.768 kHz is also 
available. See figure 14. 


Figure 13. Watchdog Timer 
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Figure 14. Programmable Clock Output 



Buzzer Output 

The^PD78064 family also has a programmable buzzer 
output (BUZ). The buzzer output frequency can be 
programmed to be equal to the main system clock (fxx) 
divided by 512,1024, or 2048. With a main system clock 
of 4.19 MHz and fxx = fx. the buzzer can be set to 8.2, 
4.1, or 2.0 kHz. With a main system clock of 4.19 MHz 
and fxx = fx/2, the buzzer can be set to 4.1, 2.0, or 1.0 
kHz. See figure 15. 


Figure 15. Buzzer Output 
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LCD Controller/Driver 

The liquid crystal display (LCD) controller/driver (figure 
16) has 4 common plus 40 segment lines and can be 
programmed to operate in any of four modes. It can 
operate In the static mode (drive 40 segments), the 
duplexed mode (drive 80 segments), the triplexed 
mode (drive 120 segments), or quadruplexed mode 
(drive 160 segments). The duplexed mode uses 1/2 
bias, the triplexed mode can use either 1/2 or 1/3 bias, 
and the quadruplexed mode uses 1/3 bias. 


The LCD controller automatically refreshes the LCD by 
taking data from the LCD data RAM and uses display 
data multiplexers, segment drivers S0-S39, and com¬ 
mon drivers COMO-COM3 to drive the LCD. The clock 
timer provides a clock signal (fLco) that Is derived from 
the clock timer (figure 17). Using the LCD display mode 
register (LCDM), the main LCD clock (LCDCL) is se¬ 
lected as ftcD (or prescaled values fLCD/2. ficoH or 
fLco/S) yielding frame frequencies of 64,128,256, or 512 
Hz with a main system clock of 4.19 MHz or a sub¬ 
system clock of 32.768 kHz. 


Figure 16. LCD ControUer/Driver 
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Figure 17. LCD Clock Selection Circuit 



83RC-g587B(g/93) 


The LCDON bit in the LCDM register is used to enable 
or disable (blank) the display. The LCDM0-LCDM2 bits 
in the LCDM register are used to select the bias method 
and LCDM4-LCDM6 are used to set the frame frequency. 
The LCD controller/driver can operate in the STOP 
mode as long as the clock timer is driven by the 
subsystem clock. 

Drive levels can be set internally by ordering the resis¬ 
tor ladder mask option on the ^PD7806x mask ROM 
devices; otherwise, external resistors can be con¬ 
nected to pins Vlco-Vlc 2 ^nd the BIAS pin. The BIAS pin 
can be used to control the contrast of the LCD. 

The LCDC register is used to select P8o/S39to P 97 /S 24 
pin functions and the LCD power supply. The pins 
P 80 /S 39 to P 97 /S 24 are selected in groups of two to be 
port pins or segment pins S24 to S39. The LCD power 
supply selections are: (a) LCD power not supplied by 
the A/PD78064 device, (b) LCD drive power supplied 
from Vdd. or (c) LCD drive power supplied from the BIAS 
pin. 
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Interrupts addition, there is one nonmaskable interrupt from the 

Ti.. x -.l, watchdoo timer, one software interrupt, and a reset 

The UPD78064 family has 19 maskable hardware inter- . ^ *■ xi • * * ^ * 

rupt sources; 7 are external and 12 are internal. Of '"k 

these 19 interrupt sources, 17 cause a vectored inter- ^“P‘ table address 0004H) can be m.tiahzed to 

rupt while the 2 testable inputs only generate an P® ^ nonmaskable interrupt or the highest default 

interrupt request. All 19 maskable interrupts can be PP°"‘V maskable interrupt. The software interrupt, 

used to release the HALT mode except INTPO. INTPO generated by the BRK instruction, is not maskable. See 

cannot be used to release the STOP mode and cannot ® figure 18. 

release the HALT mode when register SOS = 0. In 

Table 3 . Interrupt Sources and Vector Addresses 




Type of 

Request 

Default 

Priority 

Signal 

Name 

Interrupt Source 

Location 

Vector 

Address 

Interrupt* 

Configuration 

Restart 

— 

RESET 

RESET input pin 

External 

OOOOH 



— 

INTWDT 

Watchdog timer overflow 
(when reset mode selected) 

Internal 

— 


Nonmaskable 

— 

INTWDT 

Watchdog timer overflow 

(when nonmaskable interrupt selected) 

Internal 

0004H 

A 

Maskable 

0 

INTWDT 

Watchdog timer overflow 
(when interval timer selected) 

Internal 

0004H 

B 


1 

INTPO 

External interrupt edge detection 

External 

0006H 

C 


2 

INTP1 

External interrupt edge detection 

External 

0008H 

D 


3 

INTP2 

External interrupt edge detection 

External 

OOOAH 

D 


4 

INTP3 

External interrupt edge detection 

External 

OOOCH 

D 


5 

INTP4 

External interrupt edge detection 

External 

OOOEH 

D 


6 

INTP5 

External interrupt edge detection 

External 

001 OH 

D 


7 

INTCSIO 

End of clocked serial Interface 0 transfer 

Internal 

0014H 

B 


8 

INTSER 

Serial interface 2 UART reception error 

Internal 

0018H 

B 


9 

INTSR 

End of serial Interface 2 UART reception 

Internal 

001 AH 

B 



INTCSI2 

End of serial interface 2 three-wire transfer 





10 

INTST 

End of serial interface 2 UART transmission 

Internal 

001 CH 

B 


11 

INTTM3 

Clock timer reference time interval signal 

Internal 

001 EH 

B 


12 

INTTMOO 

16-bit timer/event counter capture/compare 
(CROC) coincidence signal 

Internal 

0020H 

B 


13 

INTTM01 

16-bit timer/event counter capture/compare 
(CR01) coincidence signal 

Internal 

0022H 

B 


14 

INTTM1 

8 -bit timer/event counter 1 coincidence 
signal 

Internal 

0024H 

B 


15 

INTTM2 

8 -bit timer/event counter 2 coincidence 
signal 

Internal 

0026H 

B 


16 

INTAD 

End of A/D conversion 

Internal 

0028H 

B 

Software 

— 

— 

BRK instruction 

Internal 

003EH 

E 

Test input 

— 

INTWT 

Clock timer overflow 

Internal 

— 

F 


- 

INTPT11 

Port 11 falling edge detection 

External 

- 

F 


* See figure 18. 
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Figure 18. Interrupt Configurations 


Type A: Internal nonmaskable interrupt 


Interrupt 

Request 


Priority 

Control Circuit 


Vector Table 
Address Generator 


Standby 

Release 

Signal 


Type B: Internal maskable interrupt 


Interrupt 

Request 



Signal 


Type C: External maskable Interrupt (INTPO) 



Signal 
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Figure 18. interrupt Configurations (cont) 


Type D: External maskable Interrupt (except INTPO) 


External Interrupt I 

Mode Register MK 

(INTMO, INTM1) I 


IE PR ISP 


Interrupt _^ Edge _J .p 

Request Detector I H 


Priority 

Control Circuit 


Vector Table 
Address Generator 


TypeE: Software Interrupt 


TypeF: Test Input 


Priority 


Vector Table 

Control Circuit 


Address Generator 



IF: Interrupt request flag 
IE: Interrupt enable flag 
ISP: In-service priority flag 
MK: Interrupt mask flag 
PR: Priority specify flag 
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Interrupt Servicing. The ^PD78064 family provides 
two levels of programmable hardware priority control 
and services all interrupt requests except the two 
testable interrupts (INTWT and INTPT11) using vec- 
trored interrupts. The programmer can choose the 
priority of servicing each maskable interrupt by using 
the interrupt control registers. 

Interrupt Control Registers. The pPD78064 family has 
three 3-byte interrupt control registers. The interrupt 
request flag registers (IFOL, IFOH, and IF1L) contain an 
interrupt request flag for each interrupt. The interrupt 
mask registers (MKOL, MKOH, and MK1L) are used to 
enable or disable any individual interrupt. The priority 
flag registers (PROL, PROH, and PR1L) can be used to 
specify a high or a low priority level for each interrupt 
except the two testable interrupts (INTWT and IN- 
TPT11). 

Five other 8-bit registers are associated with Interrupt 
processing. The key return mode register (KRM) con¬ 
tains the KRIF interrupt request flag associated with 
falling-edge detection on port 11 and the KRMK mask 
flag used to enable or disable clearing of the standby 
mode if a falling edge Is detected on 8 (PIIq - PII 7 ), 
6(P1l2-P1l7). 4(P1l4-P1l7). or 1(P1l7) bit (s) of port 
11 as determined by the KRM2 and KRM3 bits. The 
external interrupt mode registers (INTMO and INTM1) 
are used to select a rising, falling, or both edges as the 
valid edge for each of the external interrupts INTPO to 
INTP5. The sampling clock select register (SCS) is used 
to select a sampling clock for the noise eliminator 
circuit on external interrupt INTPO. 

The IE and the ISP bit of the program status word are 
also used to control interrupts. If the IE bit is 0, all 
maskable Interrupts are disabled. The IE bit can be set 
or cleared using the El and Dl instructions, respec¬ 
tively, or by directly writing to the PSW. The IE bit Is 
cleared each time an interrupt is accepted. The ISP bit 
Is used by hardware to hold the priority level flag of the 
Interrupt being serviced. 

Interrupt Priority. If the watchdog timer overflow inter¬ 
rupt (INTWDT) has been initialized to be a nonmask¬ 
able interrupt, it has priority over all other Interrupts. 
Two hardware-controlled priority levels are available 
for all maskable interrupts that generate a vectored 
interrupt (i.e., all except the testable interrupt). Either a 
high or a low priority level can be assigned by software 
to each of the maskable interrupts. Interrupt requests of 
the same priority or a priority higher than the proces¬ 
sor’s current priority level are held pending until inter¬ 
rupts in the current service routine are enabled by 
software or until one instruction has been executed 
after returning from the current service routine. Inter¬ 


rupt requests of a lower priority are always held pend¬ 
ing until one Instruction has been executed after re¬ 
turning from the current service routine. 

The default priorities listed In table 3 are fixed by 
hardware and are effective only when it Is necessary to 
choose between two interrupt requests of the same 
software-assigned priority. For example, the default 
priorities would be used after the completion of a 
high-priority routine, If two Interrupts of the same 
software priority were pending. 

The software Interrupt, initiated by the BRK Instruc¬ 
tion, is executed regardless of the processor’s priority 
level and the state of the IE bit. It does not alter the 
processor’s priority level. 

Vectored Interrupt Servicing. When a vectored inter¬ 
rupt is acknowledged, the program status word and 
the program counter are saved on the stack, the pro¬ 
cessor’s priority Is set to that specified for the interrupt, 
the IE bit in the PSW Is set to zero, and the routine 
whose address is in the interrupt vector table is en¬ 
tered. At the completion of the service routine, the RETI 
instruction (RETB Instruction for the software Inter¬ 
rupt) reverses the process and the jL/PD78064 family 
microcomputer resumes the interrupted routine. 

Standby Modes 

HALT STOP, and data retention modes are provided to 
reduce power consumption when CPU action Is not 
required. 

The HALT mode is entered by executing a HALT in¬ 
struction while the CPU is operating from the main 
system or subsystem clock. In HALT mode, the CPU 
clock is stopped while the main system and the sub¬ 
system clock continue to run. The HALT mode Is re¬ 
leased by any unmasked interrupt request (except 
INTPO if register SCS = 0), a nonmaskable interrupt 
request, an unmasked test input, or an external reset 
pulse. 

Power consumption may be further reduced by using 
the STCP mode. The STCP mode is entered by execut¬ 
ing a STCP instruction while operating from the main 
system clock. In STCP mode, the main system clock 
input pin XI is internally grounded stopping both the 
CPU and the peripheral hardware clock. The STCP 
mode Is released by any unmasked Interrupt request 
except INTPO, a nonmaskable interrupt request, an 
unmasked test Input, or an external reset pulse. Any 
peripheral using the main oscillator as a clock source 
will also be disabled in the STCP mode and interrupts 
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from such a peripheral can not be used to exit the STOP 
mode. Table 4 summarizes both the HALT and STOP 
standby modes. 

When exiting the STOP mode, a wait time occurs before 
the CPU begins code execution to allow the main 
system clock oscillator circuit to stabilize. The oscilla¬ 
tion stabilization time is selected by programming the 
OSTS register with one of five values before entering 
the STOP mode; the values range from 0.8 msec to 52.4 
msec at fx = 5 MHz. 

Once in the STOP mode, power consumption can be 
further minimized by lowering the power supply volt¬ 
age Vdd to 2 volts. This places the device in the data 
retention mode. The contents of Internal RAM and the 
registers are retained. This mode is released by first 
raising Vdd to the proper operating range and then 
releasing the STOP mode. 

External Reset 

The /iPD78064 family is reset by taking the RESET pin 
low or by an over flow of the watchdog timer (if en¬ 
abled). The RESET Input pin Is a schmitt-trigger Input 
with hysteresis characteristics to protect against spu¬ 
rious system resets caused by noise. 

There is no functional difference between an external 
reset and an internal reset caused by the overflow of 
the watchdog timer. In both cases, the main system 
clock oscillation is stopped and the subsystem clock 
oscillation continues. During reset, the program 
counter is loaded with the address contained in the 
reset vector (addresses OOOOH, 0001H). Once the reset 
is cleared and the oscillation stabilization time of 2i6/fx 
has elapsed, program execution starts at that address. 


Table 4. Standby Mode Operation Status 


Item 

HALT Mode 

STOP Mode 

Setting instruction 

HALT instruction 

STOP instruction 

System clock when 
setting 

Main system or 
subsystem clock 

Main system clock 

Clock oscillator 

Main system and 
subsystem clocks can 
oscillate; CPU clock is 
stopped. 

Subsystem clock can 
oscillate; CPU clock 
and main system 
clock are stopped. 

CPU 

Operation stopped 

Operation stopped 

Ports 

Maintain previous 
state 

Maintain previous 
state 

16-bit timer/event 
counter 

Operational from main 
system clock, or with 
clock timer output, or 
TlOO selected as the 
count clock 

Operational only with 
clock timer output or 
TlOO selected as count 
clock. 

8 -bit timer/event 
counters 

Operational from main 
system clock or with 

Til and TI2 selected 
as the count clock 

Operational only with 
Til and TI2 selected 
as count clock 

Clock timer 

Operational from main 
system clock or with 
fxT as count clock 

Operational only with 
fxT as count clock 

Watchdog timer 

Operational from main 
system clock 

Operation stopped 

Serial Interface 0 

Operational from main 
system clock or with 
external clock 

Operational only with 
external clock 

Serial interface 2 

Operational from main 
system clock or with 
external clock 

Operation stopped 

LCD controller/ 
driver 

Operational from main 
system clock or when 
fXT is selected as 
count clock to clock 
timer 

Operational when fxj 
is selected as count 
clock to clock timer 

A/D converter 

Operational from main 
system clock 

Operation stopped 

External interrupts 

Operational except for 
INTPO when its 
sampling clock is 
based on the CPU 
clock 

INTPO not operational; 
INTP1 to INTP5 
operational 
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/iPD78K0 Product Line 

The /iPD78K0 product line’s instruction set features 
both 8- and 16-bit data transfer and arithmetic instruc¬ 
tions, 8-bit logic instructions, and single-bit manipula¬ 
tion instructions. Multiply and divide instructions are 
also included except as noted in the jL/PD78K0 Instruc¬ 
tion Set table. Branch instructions exist to test individ¬ 
ual bits in the program status word, the 8-bit accumu¬ 
lator, the special function registers, and in the short 
address (saddr) portion of memory. Instructions range 
in length from 1 to 4 bytes, depending on the instruc¬ 
tion and addressing mode. 

This programming reference contains the following 
three tables for the )L/PD78K0 product line: (1) instruc¬ 
tion set, (2) special function registers, and (3) interrupt 
vectors and test inputs. 


Operands and Operations 

Refer to the following tables for the definitions of 
symbols in the operand and operation columns of the 
Instruction Set table. 


Specify operands in accordance with the rules of op¬ 
erand representation; for details, refer to the assembler 
specifications. If two or more Items are available in the 
description method, select one. 


Uppercase letters, such as "A” or “PSVV” are key sym¬ 
bols and must be written as shown in the Registers, 
Flags, and Symbols table. See the Registers, Flags and 
Symbols table for the list of key symbols. Lowercase 
letters, such as “sfr” or “mem” are not key symbols and 
an absolute value or label must be substituted by the 
user when writing the instruction. For example, “MOV 
A, sfr” may be written as “MOV A, PO.” When the 
symbols +,-,#, !, $, and [ ] are used as a prefix of a 
word, the symbol remains while lower case letters are 
replaced by a value. For example, “ADD A, #byte” may 
be written as “ADD A, #0AFH,” or “BR $addr16” may be 
written as “BR $LOOP1.” 


3h 


Symbols r and rp can be described using the functional 
name or absolute name. 
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Operands 


Symbol 

Definitions 

# 

Immediate data 

! 

Absolute address 

$ 

Relative address 

[ 1 

Indirect addressing 

r 

Register 

Functional name: X, A, C, B, E, D, L, H 

Absolute name: RO to R7 

rp 

Register pair 

Functional name: AX, BC, DE, HL 

Absolute name: RPO to RP3 

sfr 

Special Function Registers (8-bit). 

See the table ’’Special Function Registers (/L/PD78K0 
Product Line).” This table shows the SFRs included in 
each device family, access units usable with each SFR, 
and the reserved symbol and address of each SFR. 

sfrp 

Special Function Register Pair (16-bit). 

See the table ’’Special Function Registers 0 l/PD 78KO 
Product Line).” This table shows the SFRs included in 
each device family, access units usable with each SFR, 
and the reserved symbol and address of each SFR. 

saddr 

Memory address addressed by means of short direct 
addressing: FE20H-FF1FH immediate data or label. 

saddrp 

Memory address addressed by means of short direct 
addressing pair: FE20H-FF1 EH immediate data or label 
(even address only) 

addr16 

16-bit address: OOOOH-FFFFH immediate data or label 
(even address only) 

addril 

11-bit address: 0800H-0FFFH immediate data or label 

addrS 

5-bit address: 40H-7EH immediate data or label (even 
address only) 

word 

16-bit data: 16-bit immediate data or label 

byte 

8 -bit data: 8-bit immediate data or label 

bit 

3-bit immediate data (bit position in byte) or label 

RBn 

Register bank: RB0-RB3 

Registers, Flags, and Symbols 

Symbol 

Definitions 

A 

A register: 8-bit accumulator 

X 

X register 

B 

B register 

C 

C register 

D 

D register 

E 

E register 

H 

H register 

L 

L register 

R0-R7 

Registers 0 to 7 (absolute names) 


Registers, Flags, and Symbols (cont) 


Symbol 

Definitions 

AX 

Register pair (AX); 16-bit accumulator 

BC 

Register pair (BC) 

DE 

Register pair (DE) 

HL 

Register pair (HL) 

RPO- 

RP3 

Register pairs 0 to 3 (absolute names) 

PC 

Program counter 

SP 

Stack pointer 

PSW 

Program status word 

CY 

Carry flag 

AC 

Auxiliary carry flag 

Z 

Zero flag 

RBS1- 

RBSO 

Register bank select flags 

IE 

Interrupt enable flag 

jdisp8 

Signed 2’s complement data (8 bits) indicating 
relative address distance between first address of 
next instruction and branch destination address 

( ) 

Memory contents indicated by address or register 
contents in ( ) 

xxH 

Hexadecimal number 

Xh, XL 

Higher 8 bits and lower 8 bits of 16-bit register 
pair 

A 

Logical product (AND) 

V 

Logical SUM (OR) 

,V 

Exclusive logical sum (exclusive OR) 

— 

Inverted data 

Flag Column Indicators 

Symbol 

Action 

Blank 

No change 

0 

Cleared to 0 

1 

Set to 1 

X 

Set or cleared depending on the result 

R 

Value previously saved is restored 
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Flags 

Bytes Z AC CY 
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Instruction Set {/tPD78K0 Product Line) (cont) 

Mnemonic Operand 

Operation 

Bytes 

Z 

Flags 

AC 

CY 

16~Bit Data Transfer 

MOVW rp, #word 

rp word 

3 




saddrp, #word 

(saddrp) word 

4 




sfrp, #word 

sfrp <- word 

4 




AX, saddrp 

AX (saddrp) 

2 




saddrp, AX 

(saddrp) AX 

2 




AX, sfrp 

AX sfrp 

2 




sfrp, AX 

sfrp ^ AX 

2 




AX, rp (Note 2) 

AX <- rp 

1 




rp, AX (Note 2) 

rp ^ AX 

1 




AX, !addr16 

AX ^ (addr16) 

3 




!addr16, AX 

(addr16) ^ AX 

3 




XCHW AX, rp (Note 2) 

AX ^ rp 

1 




8~Bit Operations 

ADD A, #byte 

A, CY <- A + byte 

2 

X 

X 

X 

saddr, #byte 

(saddr), CY <- (saddr) + byte 

3 

X 

X 

X 

A, r (Note 3) 

A, CY A + r 

2 

X 

X 

X 

r, A (Note 3) 

r, CY ^ r 4- A 

2 

X 

X 

X 

A, saddr 

A, CY ^ A + (saddr) 

2 

X 

X 

X 

A, !addr16 

A, CY ^ A + (addr16) 

3 

X 

X 

X 

A, [HL] 

A, CY A + (HL) 

1 

X 

X 

X 

A, [HL + byte] 

A, CY ^ A + (HL + byte) 

2 

X 

X 

X 

A, [HL + B] 

A, CY ^ A + (HL + B) 

2 

X 

X 

X 

A, [HL + C] 

A, CY ^ A + (HL + C) 

2 

X 

X 

X 

ADDC A, #byte 

A, CY A + byte + CY 

2 

X 

X 

X 

saddr, #byte 

(saddr), CY (saddr) + byte + CY 

3 

X 

X 

X 

A, r (Note 3) 

A, CY ^ A + r + CY 

2 

X 

X 

X 

r, A (Note 3) 

r, CY ^ r + A + CY 

2 

X 

X 

X 

A, saddr 

A, CY ^ A + (saddr) + CY 

2 

X 

X 

X 

A, !addr16 

A, CY A + (addr16) + CY 

3 

X 

X 

X 

A, [HL] 

A, CY A + (HL) + CY 

1 

X 

X 

X 

A, [HL + byte] 

A, CY ^ A + (HL + byte) + CY 

2 

X 

X 

X 

A, [HL + B] 

A, CY A + (HL + B) + CY 

2 

X 

X 

X 

A, [HL + C] 

A, CY ^ A + (HL + C) + CY 

2 

X 

X 

X 
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Instruction Set (/iPD78K0 Product Line) (cont) 

Mnemonic Operand 

Operation 

Bytes 

2 

Flags 

AC 

CY 

8-Bit Operations (cont) 

SUB A, #byte 

A, CY <- A - byte 

2 

X 

X 

X 

saddr, #byte 

(saddr), CY (saddr) - byte 

3 

X 

X 

X 

A, r (Note 3) 

A, CY<-A-r 

2 

X 

X 

X 

r, A (Note 3) 

O 

t 

1 

> 

2 

X 

X 

X 

A, saddr 

A, CY A - (saddr) 

2 

X 

X 

X 

A, !addr16 

A, CY ^ A - (addr16) 

3 

X 

X 

X 

A. [HL] 

A, CY A - (HL) 

1 

X 

X 

X 

A, [HL + byte] 

A, CY ^ A - (HL + byte) 

2 

X 

X 

X 

A, [HL + B] 

A, CY ^ A - (HL + B) 

2 

X 

X 

X 

A, [HL + C] 

A, CY ^ A - (HL + C) 

2 

X 

X 

X 

SUBC A, #byte 

A, CY ^ A - byte - CY 

2 

X 

X 

X 

saddr, #byte 

(saddr), CY (saddr) - byte - CY 

3 

X 

X 

X 

A, r (Note 3) 

A, CY<-A-r-CY 

2 

X 

X 

X 

r, A (Note 3) 

O 

-< 

t 

1 

> 

2 

X 

X 

X 

A,saddr 

A, CY ^ A - (saddr) - CY 

2 

X 

X 

X 

A, !addr16 

A, CY <- A - (addr16) - CY 

3 

X 

X 

X 

A. [HL] 

A, CY ^ A - (HL) - CY 

1 

X 

X 

X 

A, [HL + byte] 

A, CY ^ A - (HL + byte) - CY 

2 

X 

X 

X 

A, [HL + B] 

A, CY A - (HL + B) - CY 

2 

X 

X 

X 

A, [HL + C] 

A, CY ^ A - (HL + C) - CY 

2 

X 

X 

X 

AND A, #byte 

A <- A A byte 

2 

X 



saddr, #byte 

(saddr) (saddr) A byte 

3 

X 



A, r (Note 3) 

A^AAr 

2 

X 



r, A (Note 3) 

r«- r A A 

2 

X 



A,saddr 

A <- A A (saddr) 

2 

X 



A, !addr16 

A A A (addr16) 

3 

X 



A, [HL] 

A A A (HL) 

1 

X 



A, [HL + byte] 

A ^ A A (HL + byte) 

2 

X 



A, [HL + B] 

A ^ A A (HL + B) 

2 

X 



A, [HL + C] 

A ^ A A (HL + C) 

2 

X 




3h 
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Instruction Set (/tPD78K0 Product Line) (cont) 

Mnemonic Operand 

Operation 

Bytes 

Z 

Flags 

AC 

CY 

8~Bit Operations (cont) 

OR A, #byte 

A A V byte 

2 

X 



saddr, #byte 

(saddr) (saddr) V byte 

3 

X 



A, r (Note 3) 

> 

t 

> 

< 

2 

X 



r, A (Note 3) 

r^rVA 

2 

X 



A,saddr 

A A V (saddr) 

2 

X 



A, !addr16 

A <- A V (addr16) 

3 

X 



A. [HL] 

A A V (HL) 

1 

X 



A, [HL + byte] 

A A V (HL + byte) 

2 

X 



A, [HL + B] 

A - A V (HL + B) 

2 

X 



A, [HL + C] 

A <- A V (HL + C) 

2 

X 



XOR A, #byte 

A A V byte 

2 

X 



saddr, #byte 

(saddr) <- (saddr) V byte 

3 

X 



A, r (Note 3) 

A ^ a¥ r 

2 

X 



r, A (Note 3) 

r rVA 

2 

X 



A,saddr 

A A V (saddr) 

2 

X 



A, !addr16 

A <- A V (addr16) 

3 

X 



A, [HL] 

A <- A ¥ (HL) 

1 

X 



A, [HL + byte] 

A<-A¥(HL+ byte) 

2 

X 



A, [HL + B] 

A ^ A ¥ (HL + B) 

2 

X 



A, [HL + C] 

A A ¥ (HL + C) 

2 

X 



CMP A, #byte 

A - byte 

2 

X 

X 

X 

saddr, #byte 

(saddr) - byte 

3 

X 

X 

X 

A, r (Note 3) 

A-r 

2 

X 

X 

X 

r, A (Note 3) 

r-A 

2 

X 

X 

X 

A,saddr 

A - (saddr) 

2 

X 

X 

X 

A, !addr16 

A - (addr16) 

3 

X 

X 

X 

A, [HL] 

A-(HL) 

1 

X 

X 

X 

A, [HL + byte] 

A - (HL + byte) 

2 

X 

X 

X 

A, [HL + B] 

A - (HL + B) 

2 

X 

X 

X 

A, [HL + C] 

A - (HL + C) 

2 

X 

X 

X 

16‘Bit Operations 

ADDW AX, #word 

AX, CY^ AX +word 

3 

X 

X 

X 

SUBW AX, #word 

AX, CY ^ AX - word 

3 

X 

X 

X 

CMPW AX, #word 

AX - word 

3 

X 

X 

X 

Muitipiication/Division (Note 4) 

MULU X 

AX ^ A X X (Note 4) 

2 




DIVUW C 

AX(quotient), C (remainder) <- AX -j- C (Note 4) 

2 









pPD78K0 Product Line 


Instruction Set (/iPD78K0 Product Line) (cont) 






Flags 


Mnemonic 

operand 

Operation 

Bytes 

Z 

AC 

CY 

Incremen t/Decreme n t 

INC 

r 

r <- r +1 

1 

X 

X 



saddr 

(saddr) <- (saddr) +1 

2 

X 

X 


DEC 

r 

r <- r- 1 

1 

X 

X 



saddr 

(saddr) (saddr) - 1 

2 

X 

X 


INCW 

rp 

rp <- rp +1 

1 




DECW 

rp 

rp ^ rp - 1 

1 




Rotate 

ROR 

A, 1 

(CY, Aj <- Aq, AfYi-i Am) X 1 

1 



X 

ROL 

A, 1 

(CY, Aq <- Aj, Am+ 1 Am) x 1 

1 



X 

RORC 

A, 1 

(CY - Aq, Aj CY Am -1 - Am) x 1 

1 



X 

ROLC 

A, 1 

(CY-A 7 , Ao-CY,Am+i-Am)x1 

1 



X 

ROR4 

[HL] 

A 3-0 (HL)3_o, (HL)7_4 A3_o, (HL)3_o ^ (HL)7_4 

2 




ROL4 

[HL] 

A 3-0 (HL)7_4, (HL)3_o A3_o, (HL)7_4 (HL)3_o 

2 




BCD Adjustment 

ADJBA 


Decimal adjust accumulator after addition 

2 

X 

X 

X 

ADJBS 


Decimal adjust acccumulator after subtraction 

2 

X 

X 

X 

Bit Manipulation 

MOV1 

CY, saddr.bit 

CY ^ (saddr.bit) 

3 



X 


CY, sfr.bit 

CY <- sfnbit 

3 



X 


CY, A.bit 

CY <- A.bit 

2 



X 


CY, PSW.bit 

CY <- PSW.bit 

3 



X 


CY, [HLJ.bit 

CY <- (HL).bit 

2 



X 


saddr.bit, CY 

(saddr.bit) ^ CY 

3 





sfr.bit, CY 

sfr.bit ^ CY 

3 





A.bit, CY 

A.bit CY 

2 





PSW.bit, CY 

PSW.bit ^ CY 

3 

X 

X 



[HLJ.bit, CY 

(HL).bit^ CY 

2 




AND 1 

CY, saddr.bit 

CY ^ CY A (saddr.bit) 

3 



X 


CY, sfr.bit 

CY ^ CY A sfrbit 

3 



X 


CY,A.bit 

CY«-CYAA.bit 

2 



X 


CY, PSWbit 

CY ^ CY A PSW.bit 

3 



X 


CY, [HLJ.bit 

CY ^ CY A (HL).bit 

2 



X 

OR1 

CY, saddr.bit 

CY ^ CY V (saddr.bit) 

3 



X 


CY, sfr.bit 

CY ^ CY V sfnbit 

3 



X 


CY, A.bit 

CY <- CY V A.bit 

2 



X 


CY, PSW.bit 

CY ^ CY V PSW.bit 

3 



X 


CY, [HLJ.bit 

CY ^ CY V (HL).bit 

2 



X 
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fiPD78K0 Product Line 


Instruction Set 0tPD78KO Product Line) (cont) 




Flags 


Mnemonic Operand 

Operation 

Bytes Z 

AC 

CY 

Bit Manipulation (cont) 

XOR1 CY, saddr.bit 

CY — CY V (saddr.bit) 

3 


X 

CY, sfr.bit 

CY ^ CY V sfr.bit 

3 


X 

CY, A.bit 

CY CYV A.bit 

2 


X 

CY, PSWbit 

CY CY V PSW.bit 

3 


X 

CY, [HL].bit 

CY <- CY V (HL).bit 

2 


X 

SET1 saddr.bit 

(saddr.bit) ■*- 1 

2 



sfr.bit 

sfr.bit <- 1 

3 



A.bit 

A.bit ■«- 1 

2 



PSW.bit 

PSWbit 1 

2 X 

X 

X 

[HLJ.bit 

(HL).bit ^ 1 

2 



CY 

CY - 1 

1 


1 

CLR1 saddr.bit 

(saddr.bit) ♦- 0 

2 



sfr.bit 

sfr.bit <- 0 

3 



A.bit 

A.bit <- 0 

2 



PSW.bit 

PSWbit ^ 0 

2 X 

X 

X 

[HLJ.bit 

(HL).bit<-0 

2 



CY 

CY ^ 0 

1 


0 

NOT1 CY 

CY«-^ 

1 


X 

Call/Return 

CALL !addr16 

(SP- 1) <- (PC + 3)h, 

(SP - 2) - (PC + 3)l. 

PC ^ addr16, SP ^ SP - 2 

3 



CALLF !addr11 

(SP - 1) <- (PC + 2)h. (SP - 2) <- (PC + 2)l, 

PC 15-11 - 00001, PC 10-0 - addril, SP SP - 2 

2 



CALL! [addrS] 

(SP - 1) (PC + 1)h, (SP - 2) ^ (PC + 1)l, 

PCh <- ( 00000000 , addrS + 1 ), 

PCl ^ (00000000, addrS), 

SP^ SP - 2 

1 



BRK 

(SP - 1) PSW, (SP - 2 ) <- (PC + 1)h, 

(SP - 3) (PC + 1)l, PCh (003FH), 

PCl <- (003EH), SP — SP - 3, !E «- 0 

1 



RET 

PCl (SP), PCh ^ (SP + 1 ), SP SP + 2 

1 



RET 1 

PCl (SP), PCh (SP + 1 ), PSW ^ (SP + 2 ), 

SP SP + 3 

1 R 

R 

R 

RETB 

PCl - (SP), PCh - (SP + 1), 

PSW <-(SP + 2 ), SP <- SP + 3 

1 R 

R 

R 

Stack Manipulation 

PUSH PSW 

(SP - 1) <- PSW, SP •«- SP - 1 

1 



rp 

(SP - 1) — rpH, (SP - 2) — rpL, SP SP - 2 

1 



POP PSW 

PSW (SP), SP SP + 1 

1 R 

R 

R 

rp 

rpL (SP), rpH(SP+1), SP <-SP + 2 

1 
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iiPD78K0 Product Line 


Instruction Set (/tPD78K0 Product Line) (cont) _ 

Flags 


Mnemonic 

Operand 

Operation 

Bytes 

Z AC CY 

Stack Manipulation (cont) 

MOVW 

SP, #word 

SP <*- word 

4 



SP, AX 

SP^ AX 

2 



AX, SP 

AX <- SP 

2 


Unconditional Branch 

BR 

!addr16 

PC <- addr16 

3 



$addr16 

PC PC + 2 + jdispS 

2 



AX 

PCh ^ A. PCl^ X 

2 


Conditional Branch 

BC 

$addr16 

PC <- PC + 2 + jdispS if CY = 1 

2 


BNC 

$addr16 

PC PC + 2 + jdispS if CY = 0 

2 


BZ 

$addr16 

PC ^ PC + 2 + jdispS if Z = 1 

2 


BNZ 

$addr16 

PC ^ PC + 2 + jdispS if Z = 0 

2 


BT 

saddr.bit, $addr16 

PC PC + 3 + jdispS if (saddrbit) = 1 

3 



sfr.bit, $addr16 

PC PC + 4 + jdispS if sfr.bit = 1 

4 



A.bit, $addr16 

PC PC + 3 + jdispS if A.bit = 1 

3 



PSW.bit, $addr16 

PC <- PC + 3 + jdispS if PSWbit = 1 

3 



[HL].bit, $addr16 

PC ^ PC + 3 + jdispS if (HL).bit = 1 

3 


BF 

saddr.bit, $addr16 

PC PC + 4 + jdispS if (saddrbit) =0 

4 



sfr.bit, $addr16 

PC PC + 4 + jdispS if sfr.bit =0 

4 



A.bit, $addr16 

PC PC + 3 + jdispS if A.bit = 0 

3 



PSW.bit, $addr16 

PC PC + 4 + jdispS if PSWbit = 0 

4 



[HL].bit, $addr16 

PC ^ PC + 3 + jdispS if (HL).bit =0 

3 


BTCLR 

saddr.bit, $addr16 

PC <- PC + 4 + jdispS if (saddrbit) = 1 then reset (saddr.bit) 

4 



sfr.bit, $addr16 

PC •«- PC + 4 + jdispS if sfr.bit = 1 then reset sfr.bit 

4 



A.bit, $addr16 

PC PC + 3 + jdispS if A.bit = 1 then reset A.bit 

3 



PSW.bit, $addr16 

PC PC + 4 + jdispS if PSWbit = 1 then reset PSW.bit 

4 

XXX 


[HL].bit, $addr16 

PC <- PC + 3 + jdispS if (HL).bit = 1 then reset (HL).bit 

3 


DBNZ 

B, $addr16 

B 4- B - 1, then PC PC + 2 + jdispS if B 9^ 0 

2 



C, $addr16 

C <- C - 1, then PC ^ PC + 2 + jdispS if C 9^ 0 

2 



saddr, $addr16 

(saddr) (saddr) - 1, then PC PC + 3 + jdispS if 

3 



(saddr) ^ 0 
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fiPD78K0 Product Line 


Instruction Set (ftPD78K0 Product Line) (cont) __ 

Flags 


Mnemonic Operand 

Operation 

Bytes Z AC CY 

CPU Control 

SEL RBn 

RBS1 -0 <- n, n = 0-3 

2 

NOP 

No Operation 

1 

El 

IE ♦- 1 (Enable Interrupt) 

2 

Dl 

IE <*- 0 (Disable Interrupt) 

2 

HALT 

Set HALT mode 

2 

STOP 

Set STOP mode 

2 

Notes: 


(1) Except r = A. The chip will not operate normally with r = A. 

(2) Only for rp= BC, DE, or HL 

(3) When r = A and the operand A, A is assembled, the operand 
format r, A is selected by the assembler and generates an 
operand A, A. The operand A, A will execute correctly in the chip. 

(4) These instructions not available in /iPD78002 and jl/PD 78002Y 
families. 




JIIPD78K0 Product Line 


Special Function Registers (mPD 78K0 Product Line) 






Access Units (Bits) 

1 - 

State 

Family 

Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

After Reset 

02 

02 Y 

14 

14Y 

44 

54 

64 

FFOOH 

Porto 

PO 

R/W 

X 

X 

— 

OOH 

X 

X 

X 

X 

X 

X 

X 

FF01H 

Port 1 

PI 

R/W 

X 

X 

— 

OOH 

X 

X 

X 

X 

X 

X 

X 

FF02H 

Port 2 

P2 

R/W 

X 

X 

— 

OOH 

X 

X 

X 

X 

X 

X 

X 

FF03H 

Port 3 

P3 

R/W 

X 

X 

— 

OOH 

X 

X 

X 

X 

X 

X 

hr 

FF04H 

Port 4 

P4 

R/W 

X 

X 

— 

Undefined 

X 

X 

X 

X 


X 


FF05H 

Port 5 

P5 

R/W 

X 

X 

- 

Undefined 

X 

X 

X 

X 


X 


FF06H 

Porte 

P6 

R/W 

X 

X 

— 

Undefined 

X 

X 

X 

X 


X 


FF07H 

Port 7 

P7 

R/W 

X 

X 

— 

OOH 





X 

X 

X 

FF08H 

Port 8 (78044) 

P8 

W 

X 

X 

— 

OOH 





X 




Port 8 (78064) 


R/W 

X 

X 


OOH 







X 

FF09H 

Port 9 (78044) 

P9 

W 

X 

X 

— 

OOH 





X 




Port 9 (78064) 


R/W 

X 

X 


OOH 







X 

FFOAH 

Port 10 (78044) 

P10 

W 

X 

X 

— 

OOH 





X 




Port 10 (78064) 


R/W 

X 

X 


OOH 







X 

FFOBH 

Port 11 

P11 

R/W 

X 

X 

— 

OOH 





X 


X 

FFOCH 

Port 12 

P12 

R/W 

X 

X 

— 

OOH 





X 

X 


FFODH 

Port 13 

PI 3 

R/W 

X 

X 

— 

OOH 






X 


FF10H 

Compare reg 00 

CROO 

R/W 

— 

— 

X 

Undefined 



X 

X 

X 



FF11H 

(78014, 14Y 44) 
Capture/compare register 00 
(78054, 64) 

CROO 

R/W 

- 

- 

X 

Undefined 






X 

X 

FF12H 

Compare reg 01 

CR01 

R 

— 

— 

X 

Undefined 



X 

X 

X 



FF13H 

(014, 014Y, 044) 
Capture/compare register 01 
(78054,064) 

CR01 

R/W 

- 

- 

X 

Undefined 






X 

X 

FF14H 

FF15H 

16-bit timer register 

TMO 

R 

— 

— 

X 

OOH 



X 

"1 

X 

! 

X 

X 

X 

FF16H 

Compare register 10 

CR10 

R/W 

— 

X 

— 

Undefined 

X 

X 

X 

X 

X 

X 

X 

FF17H 

Compare register 20 

CR20 

R/W 

— 

X 

— 

Undefined 

X 

X 

X 

X 

X 

X 

X 

FF18H 

8 -bit timer register 1 

TM1 

R 

X 

X 

— 

OOH 

X 

X 

X 

X 

X 

X 

X 

FF19H 

8 -bit timer register 2 

TM2 

R 

X 

X 

— 

OOH 

X 

X 

X 

X 

X 

X 

X 

FF18H 

FF19H 

16-bit timer register 

TMS 

R 

— 

— 

X 

OOOOH 

X 

X 

X 

X 

X 

X 

X 

FF1AH 

Serial I/O shift register 0 

SlOO 

R/W 

— 

X 

— 

Undefined 

X. 

X 

X 

X 

X 

X 

X 

FF1BH 

Serial I/O shift register 1 

SI01 

R/W 

— 

X 

— 

Undefined 



X 

X 

X 

X 


FF1FH 

A/D conversion result 
register 

ADCR 

R 

— 

X 

— 

Undefined 



X 

X 

X 

X 

X 

FF20H 

Port mode register 0 

PMO 

R/W 

X 

X 

— 

1 FH 

X 

X 

X 

X 

X 










FFH 






X 

X 

FF21H 

Port mode register 1 

PM1 

R/W 

X 

X 

— 

FFH 

X 

X 

X 

X 

X 

X 

X 

FF22H 

Port mode register 2 

PM2 

R/W 

X 

X 

— 

FFH 

X 

X 

X 

X 

X 

X 

X 

FF23H 

Port mode register 3 

PM3 

R/W 

X 

X 

— 

FFH 

X 

X 

X 

X 

X 

X 

X 

FF25H 

Port mode register 5 

PM5 

R/W 

X 

X 

— 

FFH 

X 

X 

X 

X 


X 


FF26H 

Port mode register 6 

PM6 

R/W 

X 

X 

- 

FFH 

X 

X 

X 

X 


X 






fiPD78K0 Product Line 


Special Function Registers (jiiPD78K0 Product Line) (cont) 






Access Units (Bits) 

State 

Family 

Address 

Register (SFR) 

Symbol 

R/W 

1 i 

8 

16 

After Reset 

02 

02Y 

14 

14Y 1 

44 

54 

64 

FF27H 

Port mode register 7 

PM7 

R/W 

X 

X 

— 

1FH (44) 

FFH (54/64) 





X 

X 

X 

FF28H 

Port mode register 8 

PM8 

R/W 

X 

X 

— 

FFH 







X 

FF29H 

Port mode register 9 

PM9 

R/W 

X 

X 

— 

FFH 







X 

FF2AH 

Port mode register 10 

PM10 

R/W 

X 

X 

— 

FFH 







X 

FF2BH 

Port mode register 11 

PM11 

R/W 

X 

X 

— 

FFH 





X 


X 

FF2CH 

Port mode register 12 

PM12 

R/W 

X 

X 

— 

FFH 





X 

X 


FF2DH 

Port mode register 13 

PM13 

R/W * 

X 

X 

- 

FFH 






X 


FF30H 

Real-time buffer register L 

RTBL 

R/W 

— 

X 

- 

OOH 






X 


FF31H 

Real-time buffer register H 

RTBH 

R/W 

— 

X 

— 

OOH 






X 


FF34H 

Real-time output port mode 
register 

RTPM 

R/W 

X 

X 

— 

OOH 






X 


FF36H 

Real-time output port control 
register 

RTPC 

R/W 

X 

X 

— 

OOH 






X 


FF40H 

Timer clock select register 0 

TCLO 

R/W 

X 

X i 

— 

OOH 

X 

X 

X 

X 

X 

X 

X 

FF41H 

Timer clock select register 1 

TCL1 

R/W 

— 

X 

— 

OOH 

X 

X 

X 

X 

X 

X 

X 

FF42H 

Timer clock select register 2 

TCL2 

R/W 

— 

X 

— 

OOH 

X 

X 

X 

X 

X 

X 

X 

FF43H 

Timer clock select register 3 

TCL3 

R/W 

— 

X 

— 

88H 

X 

X 

X 

X 

X 

X 

X 

FF47H 

Sampling clock select 
register 

SCS 

R/W 

— 

X 

— 

OOH 

X 

X 

X 

X 

X 

X 

X 

FF48H 

16-bit timer mode control 
register 

TMCO 

R/W 

X 

X 

— 

OOH 



X 

X 

X 

X 

X 

FF49H 

8-bit timer mode control 
register 

TMC1 

R/W 

X 

X 

— 

OOH 

X 

X 

X 

X 

X 

X 

X 

FF4AH 

Watch (clock) timer mode 
control register 

TMC2 

R/W 

X 

X 

— 

OOH 

X 

X 

X 

X 

X 

X 

X 

FF4CH 

Capture/compare control 
register 0 

CRCO 

R/W 

X 

X 

— 

04H 






X 

X 

FF4EH 

16-bit timer output control 
register 

TOCO 

R/W 

X 

X 

— 

OOH 



X 

X 

X 

X 

X 

FF4FH 

8-bit timer output control 
register 

TOC1 

R/W 

X 

X 

— 

OOH 

X 

X 

X 

X 

X 

X 

X 

FF60H 

Serial operating mode 
register 0 

CSIMO 

R/W 

X 

X 

— 

OOH 

X 

X 

X 

X 

X 

X 

X 

FF61H 

Serial bus interface control 
register 

SBIC 

R/W 

X 

X 

— 

OOH 

X 

X 

X 

X 

X 

X 

X 

FF62H 

Slave address register 

SVA 

R/W 

— 

X 

— 

Undefined 

X 

X 

X 

X 

X 

X 

X 

FF63H 

Interrupt timing specify 
register 

SINT 

R/W 

X 

X 

— 

OOH 

X 

X 

X 

X 

X 

X 

X 

FF68H 

Serial operation mode 
register 1 

CSIM1 

R/W 

X 

X 

— 

OOH 



X 

X 

X 

X 


FF69H 

Automatic data transmit/ 
receive control register 

ADTC 

R/W 

X 

X 

— 

OOH 



X 

X 

X 

X 


FF6AH 

Automatic data transmit/ 
receive address pointer 
register 

ADTP 

R/W 

■ 

X 


OOH 



X 

X 

X 

X 



12 







JUPD78K0 Product Line 


Special Function Registers (/iPD78K0 Product Line) (cont) 






Access Units (Bits) 

State 

Family 

Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

1 

16 

After Reset 

02 

02Y 

14 

14Y 

44 

54 

64 

FF6BH 

Automatic data transmit/ 
receive interval specification 
register 

ADTI 

R/W 

X 

X 


OOH 





X 

X 


FF70H 

Asynchronous serial 
interface mode register 

ASIM 

R/W 

X 

X 

— 

OOH 






X 

X 

FF71H 

Asynchronous serial 
interface status register 

AS IS 

R 

X 

X 

— 

OOH 






X 

X 

FF72H 

Serial operating mode 
register 2 

CSIM2 

R/W 

X 

X 

— 

OOH 






X 

X 

FF73H 

Baud rate generator control 
register 

BRGC 

R/W 

— 

X 

— 

OOH 






X 

X 

FF74H 

Transmit shift register 

TXS 

W 

— 

X 

— 

FFH 






X 

X 


Receive buffer register 

RXB 

R 

— 

X 

— 

FFH 






X 

X 


Serial I/O shift register 

SI02 

R/W 

— 

X 

— 

FFH 






X 

X 



(Note 















1) 













FF80H 

A/D converter mode register 

ADM 

R/W 

X 

X 

— 

01 H 



X 

X 

X 

X 

X 

FF84H 

A/D converter input select 
register 

ADIS 

R/W 

— 

X 

— 

OOH 



X 

X 

X 

X 

X 

FF90H 

D/A conversion value 
register 0 

DACSO 

R/W 

— 

X 

— 

OOH 






X 


FF91H 

D/A conversion value 
register 1 

DACS1 

R/W 

— 

X 

— 

OOH 






X 


FF98H 

D/A converter mode register 

DAM 

R/W 

X 

X 

— 

OOH 






X 


FFAOH 

Display mode register 0 

DSPMO 

R/W 

X 

X 

_ 

OOH 





X 







(Note 2) 

(Note 2) 










FFA1H 

Display mode register 1 

DSPM1 

R/W 

— 

X 

— 

OOH 





X 



FFA8H 

6 -bit up/down counter mode 
register 

UDM 

R/W 

X 

X 

— 

OOH 





X 



FFA9H 

6 -bit up/down counter 

UDC 

R/W 

— 

X 

— 

OOH 





X 



FFAAH 

6 -bit up/down counter 
compare register 

UDCC 

R/W 

— 

X 

— 

OOH 





X 



FFBOH 

LCD display mode register 

LCDM 

R/W 

X 

X 

— 

OOH 







X 

FFB2H 

LCD display control register 

LCDC 

R/W 

X 

X 

— 

OOH 







X 

FFB8H 

Key return mode register 

KRM 

R/W 

X 

X 

— 

02H 







X 

FFDOH 

External SFR access area 

— 

R/W 

X 

X 

_ 

Undefined 

X 

X 

X 

X 


X 


FFDFH 

(Note 3) 














FFEOH 

Interrupt flag register L 

IFOL 

R/W 

X 

X 

— 

OOH 

X 

X 

X 

X 

X 

X 

X 

FFE1H 

Interrupt flag register H 

IFOH 

R/W 

X 

X 

— 

OOH 

X 

X 

X 

X 

X 

X 

X 

FFEOH 

FFE1H 

Interrupt flag register 

IFO 

R/W 



X 

OOOOH 

X 

X 

X 

X 

X 

X 

X 

FFE2H 

Interrupt request flag 
register 1L 

IF1L 

R/W 

X 

X 

— 

OOH 






X 

X 







PPD78K0 Product Line 


Special Function Registers (mPD 78K0 Product Line) (cont) 






Access Units (Bits) 

state 

Famiiy 

Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

After Reset 

02 

02Y 

14 

14Y 

44 

54 

64 

FFE4H 

Interrupt mask flag 
register L 

MKOL 

R/W 

X 

X 

— 

FFH 

X 

X 

X 

X 

X 

X 

X 

FFE5H 

Interrupt mask flag 
register H 

MKOH 

R/W 

X 

X 

— 

FFH 

X 

X 

X 

X 

I 

X 

X 

X 

FFE4H 

FFE5H 

Interrupt mask flag register 

MKO 

R/W 



X 

FFFFH 

X 

X 

X 

X 

X 

X 

X 

FFE6H 

interrupt mask flag register 

1 L 

MK1L 

R/W 

X 

X 

— 

FFH 






X 

X 

FFE8H 

Priority order specify flag 
register L 

PROL 

R/W 

X 

X 

— 

FFH 

X 

X 

X 

X 

X 

X 

X 

FFE9H 

Priority order specify flag 
register H 

PROH 

R/W 

X 

X 

— 

FFH 

X 

X 

X 

X 

X 

X 

X 

FFE8H 

Priority order specify flag 

PRO 

R/W 

— 

— 

X 

FFFFH 

X 

X 

X 

X 

X 

X 

X 

FFE9H 

register 














FFEAH 

Priority specification flag 
register 1L 

PR1L 

R/W 

X 

X 

— 

FFH 






X 

X 

FFECH 

External interrupt mode 
register 

INTMO 

R/W 

— 

X 

— 

OOH 

X 

X 

X 

X 

X 

X 

X 

FFEDH 

External interrupt mode 
register 1 

INTM1 

R/W 

— 

X 

— 

OOH 






X 

X 

FFFOH 

Memory size switch register 

IMS 

W 

— 

X 

— 

(Note 4) 



X 

X 

X 

X 

X 

FFF2H 

Oscillation mode select 
register 

OSMS 

W 

X 

X 

— 

OOH 






X 

X 

FFF3H 

Pullup resistor option 
register H 

PUOH 

R/W 

X 

X 

— 

OOH 






X 

X 

FFF6H 

Key return mode register 

KRM 

R/W 

X 

X 

— 

02H 

X 

X 

X 

X 


X 


FFF7H 

Pullup resistor option 

PUO 

R/W 

X 

X 

— 

OOH 

X 

X 

X 

X 

X 




register 

PUOL 

R/W 

X 

X 


OOH 






X 

X 

FFF8H 

Memory expanded mode 
register 

MM 

R/W 

X 

X 

— 

10H 

X 

X 

X 

X 


X 


FFF9H 

Watchdog timer mode 
register 

WDTM 

R/W 

X 

X 

— 

OOH 

X 

X 

X 

X 

X 

X 

X 

FFFAH 

Oscillation stabilization time 
select register 

OSTS 

R/W 

— 

X 

— 

04H 

X 

X 

X 

X 

X 

X 

X 

FFFBH 

Processor ciock control 
register 

PCC 

R/W 

X 

X 

— 

04H 

X 

X 

X 

X 

X 

X 

X 


Notes: 


(1) SI02 can be used instead of TXS and RXB. SI02 is not a register; 
it is another symbol that can be used to reference the TXS and 
RXB registers. A write to SI02 causes the CPU to write to the TXS 
register, and a read from SI02 causes the CPU to read the RXB 
register. 

(2) Bit 7 oniy can be manipulated as a read only bit. 

(3) The external access area cannot be accessed using SFR address¬ 
ing. It can only be accessed using main memory addressing. 

(4) The value in the memory size switch register (IMS) after reset 
depends upon the ROM size. See User’s Manuai for the value. 
This register is available in all mask ROM, OTP, and EPROM 
devices. 
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PPD78K0 Product Line 


Interrupt Vectors and Test Inputs (/tPD78K0 Product Line) 


Interrupt Vector Address for Listed Functions 


Type of 
Request 

Interrupt Source 

Signal 

Name 

Request 

Flag 

Mask 

Flag 

Priority 

Flag 

Location 

78002 

78002Y 

78014 
78014Y 

78044 

78054 

78064 

Restart 

RESET input or 

RESET 

— 

_ 

_ 

External 

0000 

0000 

0000 

0000 

0000 


watchdog timer 
overflow when 
reset mode 
selected 

INTWDT 




Internal 

0000 

0000 

0000 

0000 

0000 

Non 

maskable 

Watchdog timer 
overflow when 

NMI mode selected 

INTWDT 

TMIF4 


_ 

Internal 

0004 

0004 

0004 

0004 

0004 

Maskable 
(Note 1) 

Watchdog timer 
overflow when 
interval timer 
mode selected 

INTWDT 

TMIF4 

TMMK4 

TMPR4 

Internal 

0004 

0004 

0004 

0004 

0004 


External interrupt 
edge detection 

INTPO 

PIFO 

PMKO 

PPRO 

External 

0006 

0006 

0006 

0006 

0006 


External interrupt 
edge detection 

INTP1 

PIF1 

PMK1 

PPR1 

External 

0008 

0008 

0008 

0008 

0008 


External interrupt 
edge detection 

INTP2 

PIF2 

PMK2 

PPR2 

External 

OOOA 

OOOA 

OOOA 

OOOA 

OOOA 


External interrupt 

INTP3 

PIF3 

PMK3 

PPR3 

External 

OOOC 

OOOC 

OOOC 

OOOC 

OOOC 


edge detection or 
up/down 

coincidence signal 

INTUD 

PIF3 

PMK3 

PPR3 

i 

Internal 



OOOC 




External interrupt 
edge detection 

INTP4 

PIF4 

PMK4 

PPR4 

External 

— 

— 

— 

OOOE 

OOOE 


External interrupt 
edge detection 

INTP5 

PIF5 

PMK5 

PPR5 

External 

— 

— 

— 

0010 

0010 


External interrupt 
edge detection 

INTP6 

PIF6 

PMK6 

PPR6 

External 

— 

— 

— 

0012 

— 


End of clocked 
serial interface 0 
transfer 

INTCSIO 

CSIIFO 

CSIMKO 

CSIPRO 

Internal 

000 E 

OOOE 

OOOE 

0014 

0014 


End of clocked 
serial interface 1 
transfer 

INTCSI1 

CSIIF1 

CSIMK1 

CSIPR1 

Internal 


0010 

0010 

0016 



Serial interface 2 
UART reception 

INTSER 

SERIF 

SERMK 

SERPR 

Internal 

— 

— 

— 

0018 

0018 


End of serial 
interface 2 UART 
reception 

INTSR 

SRIF 

SRMK 

SRPR 

Internal 




001 A 

001 A 


End of serial 
interface 2 three- 
wire transfer 

INTCSI2 

SRIF 

SRMK 

SRPR 

i 

Internal 




! 001A 

001 A 


End of serial 
interface 2 UART 
transmission 

INTST 

STIF 

STMK 

STPR 

Internal 




001 C 

001 C 


Watch (Clock) 
timer reference 
time interval signal 

INTTM3 

TMIF3 

TMMK3 

TMPR3 

Internal 

0012 

0012 

0012 

001 E 

001 E 
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fiPD78K0 Product Line 


Interrupt Vectors and Test Inputs (/iPD78K0 Product Line) (cont) 


Interrupt Vector Address for Listed Functions 


Type of 
Request 

Interrupt Source 

Signal 

Name 

Request 

Flag 

Mask 

Flag 

Priority 

Flag 

Location 

78002 

78002Y 

78014 
78014Y 

i- 

j 78044 

78054 

78064 

Maskable 
(Note 1) 

(cont) 

16-bit timer/event 
counter 

coincidence signal 

INTTMO 

TMIFO 

TMMKO 

TMPRO 

Internal 


0014 

0014 



16-bit timer/event 
counter capture/ 
compare (CROO) 

INTTMOO 

TMIFOO 

TMMKOO 

TMPROO 

Internal 




0020 

0020 

16-bit timer/event 
counter capture/ 
compare (CR01) 

INTTM01 

TMIF01 

TMMK01 

TMPR01 

Internal 




0022 

0022 

8 -bit timer/event 
counter 1 

coincidence signal 

INTTM1 

TMIF1 

TMMK1 

TMPR1 

Internal 

0016 

0016 

0016 

0024 

0024 

8 -bit timer/event 
counter 2 
coincidence signal 

INTTM2 

TMIF2 

TMMK2 

TMPR2 

Internal 

0018 

0018 

0018 

0026 

0026 

End of A/D 
conversion 

INTAD 

ADIF 

ADMK 

ADPR 

Internal 

— 

001 A 

001 A 

0028 

0028 

Key scan interrupt 
generated by FIP 
controller 

INTKS 

KSIF 

KSMK 

KSPR 

Internal 



001 C 



Software 

BRK instruction 

— 

— 

— 

— 

Internal 

003E 

003E 

003E 

003E 

003E 

Test signals 
(Note 2) 

Watch (Clock) 
timer overflow 

INTWT 

WTIF 

WTMK 

— 

Internal 

test 

test 

test 

test 

test 

Port 4 falling edge 
detect 

INTPT4 

KRIF 

KRMK 

— 

External 

test 

test 

— 

test 

— 

Port 11 falling 
edge detect 

INTPT11 

KRIF 

KRMK 

— 

External 

— 

— 

— 

— 

test 


Notes: 

(1) Maskable interrupts are shown in order of descending default 
priority. 


(2) Test signals do not generate vectored interrupts but may release 
standby modes. Code following a STOP or HALT operation 
should perform a test on the flag to determine if a test input 
released the standby mode. 
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fiPD78K2 Product Line 


Section 4 

)liPD 78K2 Product Line 

8-Bit, K-Series Microcontrollers 

mPD 78214 Family 

0l(PD78212/213/214/P214) 

8-Bit, K-Series Microcontrollers 

With A/D Converter, Real-Time Output Ports 

4-a 

ftPD78218A Family 

(pPD78217A/218A/P218A) 

8-Bit, K-Series Microcontrollers 

With A/D Converter, Real-Time Output Ports 

4-b 

/iPD78224 Family 

(iLiPD78220/224/P224) 

8-Blt, K-Series Microcontrollers 

With Analog Comparators, Real-Time Output 
Ports 

4-c 

fiPD78238 Family 

0L/PD78233/234/237/238/P238) 

8-Blt, K-Series Microcontrollers 

With A/D and D/A Converters, Real-Time 

Output Ports 

4-d 

piPD78244 Family 

0L/PD78243/244) 

8-Bit, K-Series Microcontrollers 

With A/D Converter, EEPROM, Real-Time 
Output Ports 

4-e 

jLiPD78K2 Product Line 

Programming Reference 

4-f 




i[fPD78214 Family 

|\|EC- OliPD78212/213/214/P214) 

NEC Electronics Inc. 8-Bit, K-Series Microcontrollers 

With A/D Converter, Real-Time Output Ports 

_ July 1993 


Description 

The /JPD78212, /JPD78213, /[JPD78214, and juPD78P214 
are members of the K-Series® of microcontrollers and 
are designed for real-time embedded control applica¬ 
tions. These 8-bit, single-chip microcontrollers have a 
minimum instruction time of 333 ns at 12 MHz (500 ns 
forthejL/PD78213). They feature 8-bit hardware multiply 
and divide instructions, four banks of main registers, 
an advanced Interrupt handling facility, a powerful set 
of memory mapped on-chip peripherals, and the ability 
to address up to 1M bytes of external data memory. 
On-board memory includes 384 or 512 bytes of RAM, 8K 
or 16K bytes of mask ROM, or 16K bytes of UV EPROM 
or one-time programmable (OTP) ROM. 

The advanced Interrupt handling facility provides two 
levels of programmable hardware priority control and 
two separate methods of servicing interrupt requests: 
vectored and macro service. The macro service facility 
reduces the overhead involved in servicing peripheral 
Interrupts by transferring data between the memory- 
mapped special function registers (SFRs) and memory 
without the use of time consuming interrupt service 
routines. In addition, the macro service facility can be 
Initialized to automatically alter timer compare regis¬ 
ter values or to repeatedly output a prespecified pat¬ 
tern at a fixed or variable rate. By using macro service 
to control the real-time output ports, the /iPD78214 
family can easily and accurately drive two independent 
stepper motors. 

The combination of the macro service facility, four 
banks of main registers, extended data memory ad¬ 
dress space, and powerful on-chip peripherals makes 
these devices Ideal for applications in office automa¬ 
tion, communication, HVAC, and industrial control. 

Features 

□ Complete single-chip microcontroller 

— 8-bit ALU 

— Program memory (ROM) 

^PD78213: ROMIess 
/iPD78212; 8K bytes 
/7PD78214/P214: 16K bytes 

— Data memory (RAM) 

/iPD78212: 384 bytes 
/iPD78213/214/P214: 512 bytes 


□ Powerful instruction set 

— 8-bit unsigned multiply and divide 

— 16-bit arithmetic instructions 

— 1-bit and 8-bit logic instructions 

□ Minimum instruction time 

— 333 ns at 12 MHz 0uPD78212/214/P214) 

— 500 ns at 12 MHz 0 l/PD78213) 

□ Memory expansion 

— 8085 bus-compatible 

— 64K program address space 

— 1M data address space 

□ Large I/O capacity 

— Up to 54 I/O port lines on /iPD78212/214/P214 

— Up to 36 I/O port lines on jL/PD78213 

— Software programmable pullup resistors 

□ Memory-mapped on-chip peripherals (special 
function registers) 

□ Timer/counter unit 

— 16-bit timer 0: 

Two 16-blt compare registers 
One 16-bit capture register 
One external Interrupt/capture line 

— 8-bit timer 1: 

One 8-blt compare register 
One 8-bit capture/compare register 
One external interrupt/capture line 

— 8-bit timer/counter 2: 

Two 8-bit compare registers 
One 8-bit capture register 
One external interrupt/capture line 
One external event counter line 

— 8-bit timer 3: 

One 8-bit compare register 

□ Four 8-bit precision timer-controlled pulse-width 
modulated (PWM) output lines 

° Two 4-bit (or one 8-bit) real-time output ports 

□ Eight-channel 8-bit A/D converter 

□ Programmable priority interrupt controller (two 
levels) 

□ Two methods of Interrupt service 
— Vectored interrupts 

— Macro service mode with choice of three 
different types 


K-Series is a registered trademark of NEC Electronics, Inc. 
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JIIPD78214 Family 


Features (cent) 

□ Two-channel serial communication interface 
— Asynchronous serial interface (UART) 

Dedicated baud rate generator 
-Clock-synchronized interface 
Full-duplex, three-wire mode 
NEC serial bus Interface (SBI) mode 

□ Refresh output for pseudostatic RAM 

□ STOP and HALT standby functions 

□ 5-volt CMOS technology 

Ordering Information_ 


Part Number 

ROM 

Package 

Package Drawing 

/iPD78212CW-xxx 

8 K mask ROM 

64-pin plastic shrink DIP 

P64C-70-750A, C 

/iPD78213CW 

ROMIess 



/iPD78214CW-xxx 

16K mask ROM 



A/PD78P214CW 

16KOTP ROM 



/iPD78212GC-xxx 

8 K mask ROM 

64-pin plastic QFP 

P64GC-80-AB8-2 

^PD78213GC 

ROMIess 



/iPD78214GC-xxx 

16K mask ROM 



/iPD78P214GC 

16K OTP ROM 



/iPD78212GJ-xxx 

8 K mask ROM 

74-pin plastic QFP 

S74GJ-100-5BJ-1 

/iPD78213GJ 

ROMIess 



jL/PD78214GJ-xxx 

16K mask ROM 



/iPD78P214GJ 

16K OTP ROM 



/iPD78213G36 

ROMIess 

64-pin plastic QUIP 

P64GQ-100-36 

/iPD78214Gxxx36 

16K mask ROM 



;iPD78P214GQ 

16K OTP ROM 



/iPD78213L 

ROMIess 

68 -pin PLCC 

P68L-50A1 -1 

jL/PD78214L-XXX 

16K mask ROM 



/JPD78P214L 

16K OTP ROM 



A/PD78P214DW 

16K UV EPROM 

64-pin shrink cerdip w/window 

P64DW-70-750A1 

XXX indicates ROM code suffix 
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Pin Configurations 


64-Pin Shrink DiP (Piastic or Ceramic ) or 
64-Pin Piastic QUiP 


P 03 C 


64 

□ PO 2 

P 04 C 

2 

63 

□ PO 1 

P 05 C: 

3 

62 

□ POq 

POgll 

4 

61 

□ P 37 /TO 3 

P 071 I 

5 

60 

□ P36/T02 

PBy/REFRCyANT C 

6 

59 

□ P 35 /TOI 

P 66 /WAIT/AN 6 C 

7 

58 

□ P 34 /TOO 

P 65 /WR C 

8 

57 

□ P7o/ANO 

P 64 /RDt: 

9 

56 

□ P7i /AN1 

P 63 /A 19 c 

10 

55 

□ P72/AN2 

P 62 /A 18 c 

11 

54 

□ P 73 /AN 3 

P 61 /A -|7 CI 

12 

53 

□ P 74 /AN 4 

Peo/Ai 8 c 

13 

52 

□ P 75 /AN 5 

RESETC 

14 

51 

^IAVref 

X2C 

15 

50 

□ AVss 

X1 C 

16 

49 

□ Vdd 


17 

48 

□ ea 

P 57 /A 15 c 

18 

47 

□ P33/SCySB0 

P56AAi4 C 

19 

46 

□ P32/SCK 

P 55 /A 13 C 

20 

45 

□ P3i rrxD 

_a 

21 

44 

□ P3o/RxD 

P 53 /A 11 c 

22 

43 

□ P 27 /SI 

P 52 /A 10 CI 

23 

42 

□ P26/INTP5 

PSi/AgC 

24 

41 

□ P25/INTP4/ASCK 

PSq/AsII 

25 

40 

□ P24/INTP3 

P 47 /AD 7 c 

26 

39 

□ P23/INTP2^CI 

P4e/ADeC 

27 

38 

□ P22/INTP1 

P 45 /AD 5 C 

28 

37 

□ P2i /INTPO 

P 44 /AD 4 c 

29 

36 

□ P20/NMI 

P 43 /AD 3 II 

30 

35 

□ ASTB 

P42/AD2 c 

31 

34 

□ P40/AD0 


32 

33 

□ P41/AD1 




83YL-9221A 
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fiPD78214 Family 


Pin Configurations (cont) 


64-Pin Plastic QFP 


eo CM 1- O O 
.N«0U>'4-e0CMr-ON(0«0'«tO 


P64 /RD L 

1 

P63/A19 C 

2 

P62/A18 C 

3 

P6-J /A-|7 C 

4 

P60/A16 c 

5 

RESETC 

6 

X2C 

7 

XI C 

8 


9 

P57/A15 c 

10 

P56/A14 C 

11 

P55/A13 c 

12 

P54/A12 c 

13 

PSg/An C 

14 

PS2/A10 c 

15 

PS1/A9C 

16 

t 


3 S S 5 S 


IS Sg ^ s $ 


] P7i /AN1 
] P72/AN2 
3 P73/AN3 
3 P74/AN4 
3 P75/AN5 
3AVREF 
3AVSS 

^ Ydd 

3 EA 

3 P33/SO/SBO 
3 P32/SCK 
3 P3i/TxD 
3 P3 o/RxD 
3 P 27/SI 
3 P26/INTP5 
3 P25/INTP4/ASCK 


ooNCDiO'^eocM(/jT-ocQii5pT- 

<QQQQQQMQOHiSS 

Q.Q.CLQ.Q.DL Q.Q. Q-cm'c^ 
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Pin Configurations (cont) 


74-Pin Plastic QFP 







j[/PD78214 Family 


Pin Functions; Normal Operating Mode 

Symbol 

First Function 

Symbol 

Second Function 

PO 0 -PO 7 

Port 0; 8 -bit tristate output port/real time output port 



P2o 

Port 2; 8 -bit input port 

NMI 

External nonmaskable interrupt 

P2i 

P22 


INTPO 

INTP 1 

Maskable external interrupts 

P23 


INTP2 

Cl 

Maskable external interrupt 

External clock input to timer/counter 2 

Q- 


INTP3 

Maskable external interrupt 

P25 


INTP4 

Maskable external interrupt 



ASCK 

Asynchronous serial clock input 

P26 


INTPS 

Maskable external interrupt 

P27 


SI 

Serial data input for three-wire serial I/O mode 

P3o 

Port 3; 8 -bit, bit-selectable tristate input/output port 

RxD 

Asynchronous serial receive data input 

P31 


TxD 

Asynchronous serial transmit data output 

P32 



Serial shift clock input/output 

P33 


SO 

Serial data output for three-wire serial I/O mode 



SBO 

I/O bus for NEC serial bus interface (SBI) 

P34 - P37 


TO0-TO3 

Timers TO to T3 outputs 

Q- 

0 

CL 

Port 4; 8 -bit tristate input/output port 

ADq - AD 7 

Low-order 8 -bit multiplexed address/data bus 

P5o-P57 

Port 5; 8 -bit, bit-selectable tristate input/output port 

As - Ai5 

High-order 8 -bit address bus 

P 60 -P 63 

Port 6 ; 4-bit output port 

Ai6-Ai9 

Extended memory address bus 

P 64 

Port 6 ; 4-bit, bit-selectable tristate input/output port 


External memory read strobe output 

P 65 


WR 

External memory write strobe output 

P6q 


Wjf 

External memory wait signal input 



AN 6 

Analog voltage input to A/D converter 

P 67 


REFRQ 

Refresh pulse output used by external 
pseudostatic memory 



AN7 

Analog voltage input to A/D converter 

P70-P75 

Port 7; 6 -bit input port 

AND -AN5 

Analog voltage inputs to A/D converter 

ASTB 

Address strobe output used to latch the 
low-order 8 address for external memory 



RESET 

External system reset input 




Internal ROM or external memory control signal input. Low- 
level input selects external memory. High-level input selects 
internal ROM. A low-level input on a)L/PD78214 places the 
device in ROMIess mode and external memory is accessed. 



X1 

Crystal/ceramic resonator connection or 
external clock input 



X2 

Crystal/ceramic resonator connection or 
inverse of external clock 



AVref 

A/D converter reference voltage 



AVss 

A/D converter ground 



VdD 

-f5 volt power supply input 



Vss 

Power supply ground 



NC 

No connection 
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NEC 


Block Diagram 


SFR Address/Data Bus 


P 2 i /INTPO - 
P26/INTP5 


P 25 /INTP 4 / 

ASCK 

P32/^ - 
P 33 /SO/SBO 
P 27 /SI ■ 


Programmable 

Interrupt 

Controller 


Baud Rate 
Generator 


Clock Serial 
Interface 




INTP 1 

P23/INTP2ACI 

P36/T02 

P 37 /TO 3 


Timer/ I ^. 
Counter 2 



Real-Time 
Output Port 
(4 Bits X 2) 


Temporary 

Registers 


Boolean 

Processor 


Internal Program 
Memory 

OK Bytes :kPD78213 
8 K Bytes: nPD78212 
16K Bytes: nPD78214/P214 
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PPD78214 Family 



FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

The /iPD78214 family CPU features 8- and 16-bit arith¬ 
metic including an 8 x 8-bit unsigned multiply and 16 x 
8-bit unsigned divide (producing a 16-bit quotient and 
an 8-bit remainder). The multiply executes in 3.67 jjs 
and the divide In 12.36 ps at 12 MHz (4.00 and 12.69 ps 
respectively for /iPD78213). 

A CALLT vector table and a CALLF program area 
decrease the number of bytes in the call instructions 
for commonly used subroutines. A 1-byte call Instruc¬ 
tion (CALLT) can access up to 32 subroutines through 
the addresses contained In the CALLT vector table. A 
2-byte call instruction (CALLF) can access any routine 
beginning at a specific address in the CALLF area 

The internal system clock (fcLK) is generated by divid¬ 
ing the oscillator frequency by two. Therefore, at the 
maximum oscillator frequency of 12 MHz, the internal 


system clock is 6 MHz. The minimum instruction exe¬ 
cution time for an instruction fetched from internal 
ROM is 333 ns (500 ns when fetched from external 
memory). 


The/jPD78214 family has a 1M byte address space (see 
figure 1). The first 64K bytes of this address space 
(OOOOOH-OFFFFH) can be used as both program and 
data memory. The remaining 960K bytes of this address 
space (10000H-FFFFFH) can only be used as data 
memory and is known as expanded memory. 


The ^PD78214 family has an 8-blt wide external data 
bus and a 16-bit wide external address bus (20-bit wide 
if expanded memory is enabled). The low-order 8 bits 
of the address bus are multiplexed to provide the 8-bit 
data bus and are supplied by I/O port 4. The high-order 



Memory Space 


External Memory 
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address bits of the 16-bit address bus are taken from 
port 5. If expanded memory is enabled, the expanded 
address nibble is provided by P6oto P63. Address latch, 
read, and write strobes are also provided. 

The memory expansion mode register (MM) is used to 
enable external memory, to sp ecify u p to two addi¬ 
tional wait states or the use of the WAIT input pin for the 
first 64K bytes of memory, and to enable the high-speed 
internal ROM fetch. Ports 4, 5, and 6 are available as 
general purpose I/O ports when only internal ROM Is 
used and no external program or data space is re¬ 
quired. 

Expanded Data Memory 

The MM register is also used to enable the external 
expanded data memory space, addresses 10000H to 
FFFFFH. When the expanded data memory is enabled, 
the entire 1M byte address space is divided into 16 
banks of 64K bytes each. The low-order 4-blts of the P6 
or the PM6 registers are used as bank selection regis¬ 
ters to supply the address information to A^e to A19. 
Data can easily be transferred from one memory bank 
to another by using the appropriate Instructions. Ad¬ 
dress lines Ai 6 to Aig are only active when an instruc¬ 
tion that uses expanded addressing is being executed. 
A programmable wait control register (PW) allows the 
programmer to sp ecify u p to two additional wait states 
or the use of the WAIT input pin for expanded data 
memory space. 

On-Chip RAM 

The pPD78213/214/P214 have a total of 512 bytes of 
on-chip RAM (384 bytes in the /;PD78212). The upper 
256-byte area (FEOOH-FEFFH) features high-speed ac¬ 
cess and is known as “Internal RAM.” The remainder 
(FDOOH-FDFFH and FD80H-FDFFH In the/iPD78212) Is 
accessed at the same speed as external memory and is 
known as “Peripheral RAM.” The general register banks 
and the macro service control words are stored in 
Internal RAM. The remainder of Internal RAM and any 
unused register bank locations are available for gen¬ 
eral storage. 

On-Chip Program Memory 

ThepPD78212 and /iPD78214 contain 8K and 16K bytes 
of internal ROM respectively. The/iPD78P214 contains 
16K bytes of UV EPROM or one-time programmable 
ROM. Instructions from on-chip program memory can 
be fetched at high speed or at the same rate as from 
external memory. The/iPD78213 does not have on-chip 
program memory. 


CPU Control Registers 

Program Counter. The program counter is a 16-bit 
binary counter register that holds the address of the 
next instruction to be executed. During reset, the 
program counter is loaded with the address stored in 
locations OOOOH and 00001H. 

Stack Pointer. The stack pointer is a 16-bit register that 
holds the address of the last item pushed onto the 
stack. It is decremented before new data is pushed 
onto the stack and incremented after data is popped 
off the stack. 

Program Status Word. The program status word 
(PSW) is an 8-bit register that contains flags that are 
set or reset depending on the results of an instruction. 
This register can be written to or read from 8 bits at a 
time. The individual flags can also be manipulated on a 
bit-by-bit basis. The assignment of PSW bits follows. 


7 0 


IE 

Z 

RBSI 

AC 

RBSO 

0 

ISP 

CY 


CY Carry flag 

ISP Interrupt priority status flag 

RBSO, RBS1 Register bank selection flags 

AC Auxiliary carry flag 

Z Zero flag 

IE Interrupt request enable flag 

General Registers 

The general-purpose registers (figure 2) consist of four 
banks of registers located at addresses FEEOH to 
FEFFH in Internal RAM. Each bank consists of eight 
8-bit general registers that can also be used In pairs to 
function as four 16-bit registers. Two bits In the PSW 
(RBSO and RBS1) specify which of the register banks is 
active. The bits are set under program control. Regis¬ 
ters have both functional names (like A, X, B, C for 8-bit 
registers and AX, BC for 16-bit registers) and absolute 
names (like R1, RO, R3, R2 for 8-bit registers and RPO, 
RP1, etc. for 16-bit registers). Each Instruction deter¬ 
mines whether a register is referred to by Its functional 
or absolute name and whether it is 8 or 16 bits. 
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Figure 2. General Registers 
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Addressing 


Special Function Registers 


The /iPD78214 family features 1-byte addressing of 
both the special function registers and the portion of 
on-chip RAM from FE20H to FEFFH. The 1-byte sfr 
addressing accesses the entire SFR area, while the 
1-byte saddr addressing access the first 32 bytes of the 
SFR area and 224 bytes of Internal RAM. The 16-bit 
SFRs and words of memory in these areas can be 
addressed by 1-byte saddrp addressing, which is valid 
for even addresses only. Since many instructions use 
1 -byte addressing, access to these locations is almost 
as fast and versatile as access to the general registers. 
There are seven addressing modes for data in main 
memory: direct, register, register indirect with autoin¬ 
crement and decrement, saddr, SFR, based, and in¬ 
dexed. There are also both 8-bit and 16-bit immediate 
operands. 


The input/output ports, timers, capture and compare 
registers, and mode and control registers for both the 
peripherals and the CPU are collectively known as 
special function registers. They are all memory- 
mapped between FFOOH and FFFFH and can be ac¬ 
cessed either by main memory addressing or by 1-byte 
sfr addressing. They are either 8 or 16 bits as required, 
and many of the 8-blt registers are capable of single-bit 
access as well. Locations FFDOH through FFDFH are 
known as the external SFR area Registers in external 
circuitry interfaced and mapped to these addresses 
can be addressed with sfr addressing. Table 1 is a list of 
the special function registers. 


4a 
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Tablet. Special Function Registers _ 

Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

OFFOOH 

Porto 

PO 

R/W 

X 

X 

— 

Undefined 

0FF02H 

Port 2 

P2 

R 

X 

X 

— 

Undefined 

0FF03H 

Port 3 

P3 

R/W 

X 

X 

— 

Undefined 

0FF04H 

Port 4 

P4 

R/W 

X 

X 

— 

Undefined 

0FF05H 

Ports 

P5 

R/W 

X 

X 

— 

Undefined 

0FF06H 

Porte 

P6 

R/W 

X 

X 

— 

xOH 

0FF07H 

Port 7 

P7 

R 

X 

X 

— 

Undefined 

OFFOAH 

Port 0 buffer register (low) 

POL 

R/W 

X 

X 

— 

Undefined 

OFFOBH 

Port 0 buffer register (high) 

POH 

R/W 

X 

X 

— 

Undefined 

OFFOCH 

Real-time output port control register 

RTPC 

R/W 

X 

X 

— 

OOH 

0FF10H-0FF11H 

16-bit compare register 0 (16-bit timer 0) 

CROO 

R/W 

— 

— 

X 

Undefined 

0FF12H-0FF13H 

16-bit compare register (16-bit timer 0) 

CR01 

R/W 

— 

— 

X 

Undefined 

0FF14H 

8-bit compare register (8-bit timer 1) 

CR10 

R/W 

— 

X 

— 

Undefined 

0FF15H 

8-bit compare register (8-bit timer/counter 2) 

CR20 

R/W 

— 

X 

— 

Undefined 

0FF16H 

8-bit compare register (8-bit timer/counter 2) 

CR21 

R/W 

— 

X 

— 

Undefined 

0FF17H 

8-bit compare register (8-bit timer 3) 

CR30 

R/W 

— 

X 

— 

Undefined 

0FF18H-0FF19H 

16-bit capture register (16-bit timer 0) 

CR02 

R 

— 

— 

X 

Undefined 

0FF1AH 

8-bit capture register (8-bit timer/counter 2) 

CR22 

R 

— 

X 

— 

Undefined 

0FF1CH 

8-bit capture/compare register (8-bit timer 1) 

CR11 

R/W 

— 

X 

— 

Undefined 

0FF20H 

Port 0 mode register 

PMO 

W 

— 

X 

— 

FFH 

0FF23H 

Port 3 mode register 

PM3 

W 

— 

X 

— 

FFH 

0FF25H 

Port 5 mode register 

PM5 

W 

— 

X 

— 

FFH 

0FF26H 

Port 6 mode register 

PM6 

R/W 

X 

X 

— 

FxH 

0FF30H 

Capture/compare control register 0 

CRCO 

W 

— 

X 

— 

10H 

0FF31H 

Timer output control register 

TOC 

W 

— 

X 

— 

OOH 

0FF32H 

Capture/compare control register 1 

CRC1 

W 

— 

X 

— 

OOH 

0FF34H 

Capture/compare control register 2 

CRC2 

W 

— 

X 

— 

OOH 

0FF40H 

Puilup resistor option register 

PUO 

R/W 

X 

X 

— 

OOH 

0FF43H 

Port 3 mode control register 

PMC3 

R/W 

X 

X 

— 

OOH 

0FF50H-0FF51H 

16-bit timer register 0 

TMO 

R 

— 

— 

X 

OOOOH 

0FF52H 

8-bit timer register 1 

TM1 

R 

— 

X 

— 

OOH 

0FF54H 

8-bit timer register 2 

TM2 

R 

— 

X 

— 

OOH 

0FF56H 

8-bit timer register 3 

TM3 

R 

— 

X 

— 

OOH 

0FF5CH 

Prescaler mode register 0 

PRMO 

W 

— 

X 

— 

OOH 

0FF5DH 

Timer control register 0 

TMCO 

R/W 

— 

X 

— 

OOH 

0FF5EH 

Prescaler mode register 1 

PRM1 

W 

— 

X 

— 

OOH 

0FF5FH 

Timer control register 1 

TMC1 

R/W 

— 

X 

— 

OOH 

0FF68H 

A/D converter mode register 

ADM 

R/W 

X 

X 

— 

OOH 

0FF6AH 

A/D conversion result register 

ADCR 

R 

— 

X 

— 

Undefined 

0FF80H 

Clocked serial interface mode register 

CSIM 

R/W 

X 

X 

— 

OOH 
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Table 1. Special Function Registers (cont) 

Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

0FF82H 

Serial bus interface control register 

SBIC 

R/W 

X 

X 

— 

OOH 

0FF86H 

Serial shift register 

SIO 

R/W 

— 

X 

— 

Undefined 

0FF88H 

Asynchronous serial interface mode register 

ASIM 

R/W 

X 

X 

— 

80H 

0FF8AH 

Asynchronous serial interface status register 

AS IS 

R 

X 

X 

— 

OOH 

0FF8CH 

Serial receive buffer: UART 

RxB 

R 

— 

X 

— 

Undefined 

0FF8EH 

Serial transmit shift register: UART 

TxS 

W 

— 

X 

— 

Undefined 

0FF90H 

Baud rate generator control register 

BRGC 

W 

— 

X 

— 

OOH 

OFFCOH 

Standby control register 

STBC 

R/W 

— 

X 

— 

OOOOxOOOB 

0FFC4H 

Memory expansion mode register 

MM 

R/W 

X 

X 

— 

20H 

0FFC5H 

Programmable wait control register 

PW 

R/W 

X 

X 

— 

80H 

0FFC6H 

Refresh mode register 

RFM 

R/W 

X 

X 

— 

OOH 

OFFDOH-OFFDFH 

External SFR area 

— 

R/W 

X 

X 

— 

Undefined 

OFFEOH 

Interrupt request flag register L 

IFOL 

R/W 

X 

X 

— 

OOH 

0FFE1H 

Interrupt request flag register H 

IFOH 

R/W 

X 

X 

— 

OOH 

0FFE0H-0FFE1H 

Interrupt request flag register 

IFO 

R/W 

— 

— 

X 

OOOOH 

0FFE4H 

Interrupt mask flag register L 

MKOL 

R/W 

X 

X 

— 

FFH 

0FFE5H 

Interrupt mask flag register H 

MKOH 

R/W 

X 

X 

— 

FFH 

0FFE4H-0FFE5H 

Interrupt mask flag register 

MKO 

R/W 

— 

— 

X 

FFFFH 

0FFE8H 

Priority specification flag register L 

PROL 

R/W 

X 

X 

— 

FFH 

0FFE9H 

Priority specification flag register H 

PROH 

R/W 

X 

X 

— 

FFH 

0FFE8H-0FFE9H 

Priority specification flag register 

PRO 

R/W 

— 

— 

X 

FFFFH 

OFFECH 

Interrupt service mode specification flag 
register L 

ISMOL 

R/W 

X 

X 

— 

OOH 

OFFEDH 

Interrupt service mode specification flag 
register H 

ISMOH 

R/W 

X 

X 

— 

OOH 

OFFECH-OFFEDH 

Interrupt service mode specification flag 
register 

ISMO 

R/W 

— 

— 

X 

OOH 

0FFF4H 

External interrupt mode register 0 

INTMO 

R/W 

X 

X 

— 

OOH 

0FFF5H 

External interrupt mode register 1 

INTM1 

R/W 

X 

X 

— 

OOH 

0FFF8H 

Interrupt status register 

1ST 

R/W 

X 

X 

- 

OOH 
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Input/Output Ports 

There are up to 54 port lines on the /iPD78212/214/P214 
and up to 36 port lines on the/iPD78213. (Ports 4, 5, and 
two bits of port 6 are not available on the ^PD78213 
since the /iPD78213 must always use external mem¬ 
ory.) Table 2 lists the features of each port and figure 3 
shows the structure of each port pin. The pin levels of 
all port 2, 3, and 7 pins can always be read or tested 
regardless of the dual pin function. 


Table 2. Digital Port Functions 


Port 

Operational Features 

Configuration 

Direct Drive 
Capability 

Software Pullup 

Resistor Connection 

Port 0 

8 -bit high impedance output 


Transistor 


Port 2 

8 -bit Schmitt trigger input 



In 6 -bit unit (P 22 - P 27 ) 

Port 3 

8 -bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 4 

8 -bit input or output 

Byte selectable 

LED 

Byte selectable 

Port 5 

8 -bit input or output 

Byte selectable 

LED 

Byte selectable, input bits only 

Port 6 

4-bit output (bits 0 to 3) 

4-bit input or output (bits 4 to 7) 

Bit selectable 


In 4-bit unit, input bits only 

Port? 

6 -bit input 





Note: Software pullup resistors can be internally connected only on 
a port-by-port basis to port bits set to input mode. Pullup 
resistors are not connected to port bits set to output mode. 


Real-time Output Port 

The real-time output port (RTPC) shares pins with port 
0. It can be used as two independent 4-bit real-time 
output ports or one 8-bit real-time output port. In the 
real-time output mode, data stored beforehand in the 
buffer registers, POH and POL, is transferred immedi¬ 
ately to the output latch of PO on the occurrence of a 
timer 1 interrupt (INTC10 or INTC11) or external inter¬ 
rupt (INTPO) (see figure 4). By using the real-time 
output port with the macro service function, port 0 can 
be used to output preprogrammed patterns at prepro¬ 
grammed variable time intervals. In this mode, two 
independent stepper motors can accurately be driven 
at a fixed or variable rate. 
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Analog-to-DIgital (A/D) Converter 

The /L/PD78214 family A/D converter (see figure 5) uses 
the successive-approximation method for converting 
up to eight multiplexed analog inputs into 8-bit digital 
data The conversion time per input is 30/is at 12 MHz 
operation. A/D conversion can be started by an exter¬ 
nal interrupt, INTP5, or under software control. 

The A/D converter can operate in either scan mode or 
select mode. In scan mode, from one to eight sequen¬ 
tial Inputs can be programmed for conversion. The A/D 
data, stores It in the A/D conversion result (ADCR) 


register, and generates an interrupt (INTAD). This con¬ 
verted data can be easily transferred to memory by 
using the macro service function. 

In select mode, only one of the eight A/D Inputs can be 
selected for conversion. The ADCR register is continu¬ 
ally updated and can be read at any time. If the A/D 
converter is started by an external interrupt, an INTAD 
interrupt occurs at the completion of each conversion. 
If the A/D converter is started by software, no inter¬ 
rupts are generated. 


Figure 5 . A/D Converter 
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Serial Interface 

The /iPD78214 family has two independent serial inter¬ 
faces. The first is a standard UART The DART (figure 6) 
permits full-duplex operation and can be programmed 
for 7- or 8-bits of data after the start bit, followed by one 
or two stop bits. Odd, even, zero or no parity can also 
be selected. The serial clock for the UART can be 
provided by an on-chip baud rate generator or timer 3. 


By using either the Internal system clock or an external 
clock input into the ASCK pin, the baud rate generator 
Is capable of generating all of the commonly used 
baud rates. The UART generates three interrupts: IN- 
TST (transmission complete), INTSR (reception com¬ 
plete), and INTSER (reception error). 


Figure 6. Asynchronous Serial Interface 



83YL-9174B 
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The second interface is an 8-bit clock-synchronized 
serial Interface (figure 7). It can be operated in either a 
three-wire serial I/O mode or NEC serial bus interface 
(SBI) mode. 

In the three-wire serial I/O mode, the 8-bit shift register 
(SIO) is loaded with a byte of data and eight clock 
pulses are generated. These eight pulses shift the byte 


of data out of the SO line (MSB first) and in from the SI 
line providing full-duplex operation. This Interface can 
also be set to receive or to transmit data only. The 
INTCSI Interrupt Is generated after each 8-bit transfer. 
One of three internal clocks or an external clock clocks 
the data. 


Figure 7 . Clock-Synchronized Serial interface 
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The NECSBI mode is a two-wire high-speed proprietary 
serial interface available on most devices in the NEC 
/iPD75xxx and /iPD78xxx product lines. Devices are 
connected in a master/slave configuration (see figure 
8 ). There is only one master device at a time; all others 
are slaves. The master sends addresses, commands, 
and data over the serial bus line (SBO) usi ng a fixed 
hardware protocol synchronized with the SCK line. 
Each slave jl/PD 78214 family device can be pro¬ 
grammed in software to respond to any one of 256 
addresses. There are also 256 commands and 256 data 
types. Since all commands are user definable, any 
software protocol, simple or complex, can be defined. 
It Is even possible to develop commands to change a 
slave into a master and the previous master into a 
slave. 


Figure 8. SB! Mode Master/Slave Configuration 



Timers 

The jL/PD78214 family has one 16-blt timer and three 
8 -blt timers. The 16-bit timer counts the internal system 
clock (fcLK/8) while the three 8-bit timers can be pro¬ 
grammed to count a number of prescaled values of the 
internal system clock. One of the 8-bit timers can also 
count external events. 

Timer 0 consists of a 16-bit timer (TMO), two 16-bit 
compare registers (CROO and CR01), and a 16-bit cap¬ 
ture register (CR02). Timer 0 can be used as two 
interval timers, to output a programmable square wave 
or two pulse-width modulated signals, or to measure 
pulse widths (see figure 9). 

Timer 1 consists of an 8-bit timer (TM1), 8-bit compare 
register (CR10), and 8-bit capture/compare register 
(CR11). Timer 1 can be used as two Interval timers or to 
measure pulse widths. In addition, it can be used to 
generate the output trigger for the real-time output port 
(see figure 10). 

Timer/counter 2 consists of an 8-blt timer (TM2), two 
8 -bit compare registers (CR20 and CR21), and an 8-bit 
capture register (CR22). Timer/counter 2 can also be 
used as two interval timers, to output a programmable 
square wave or two pulse-width modulated signals, or 
to measure pulse widths. In addition, it can be used to 
count external events sensed on the Cl line or as a 
one-shot timer (see figure 11). 

Timer 3 consists of an 8-bit timer (TM3) and an 8-bit 
compare register (CR30). Timer 3 can be used as an 
interval timer or as a clock for the clock-synchronized 
serial interface (see figure 12). 
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Figure 9. 16-Bit Timer 0 
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Figure 10. 8-Bit Timer 1 
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Figure 11, 8-Bit Timer/Counter 2 
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Figure 12, 8-Bit Timer 3 
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Interrupts with INTCSO and INTAD respectively. The active inter- 

The ^PD78214 family has 18 maskable hardware inter- ^ source for each shared vector must be chosen by 
rupt sources; 6 are external and 12 are internal. Since nonmaskable 

there are only 16 interrupt vectors and sets of control interrupt and one software interrupt. The software 
flags, 2 of the 6 external maskable interrupts, INTP4 interrupt, generated by the BRK instruction, is not 
and INTP5, share interrupt vectors and control flags maskable (see table 3). 

Table 3, Interrupt Sources and Vector Addresses _ 


Interrupt 

Request 

Type 

Default 

Priority 

Interrupt Request Generation Source 

Macro Service 
Type 

Vector 

Table 

Address 

Software 

None 

BRK instruction execution 

— 

003EH 

Nonmaskable 

None 

NMI (pin input edge detection) 

— 

0002H 

Maskable 

0 

INTPO (pin input edge detection) 

A, B 

0006H 


1 

INTP1 (pin input edge detection) 

A, B 

0008H 


2 

INTP2 (pin input edge detection) 

A, B 

OOOAH 


3 

INTP3 (pin input edge detection) 

B 

OOOCH 


4 

INTCOO (TMO-CROO coincidence signal generation) 

B 

0014H 


5 

INTC01 (TM0-CR01 coincidence signal generation) 

B 

0016H 


6 

INTC10 (TM1-CR10 coincidence signal generation) 

A, B, C 

0018H 


7 

INTC11 (TM1-CR11 coincidence signal generation) 

A, B, C 

001 AH 


8 

INTC21 (TM2-CR21 coincidence signal generation) 

A, B 

001CH 


9 

INTP4 (pin input edge detection) 

B 

OOOEH 



INTCSO (TM3-CR30 coincidence signal generation) 

A, B 



10 

INTP5 (pin input edge detection) 

B 

0010H 



INTAD (end of A/D conversion) 

A, B 



11 

INTC20 (TM2-CR20 coincidence signal generation) 

A, B 

0012H 


12 

INTSER (generation of asynchronous serial interface receive error) 

- 

0020H 


13 

INTSR (end of asynchronous serial Interface reception) 

A, B 

0022H 


14 

INTST (end of asynchronous serial interface transmission) 

A, B 

0024H 


15 

INTCSI (end of clocked serial interface transmission) 

A, B 

0026H 


Interrupt Servicing. The /iPD78214 family provides 
two levels of programmable hardware priority control 
and two different methods of handling maskable inter¬ 
rupt requests: standard vectoring and macro service. 
The programmer can choose the priority and mode of 
servicing each maskable interrupt by using the inter¬ 
rupt control registers. 

Interrupt Control Registers. The ^PD78214 family has 
four 16-bit interrupt control registers. Each bit in each 
register is dedicated to one of the 16 active maskable 
Interrupt sources. The Interrupt request flag register 
(IFO) contains an interrupt request flag for each inter¬ 
rupt. The interrupt mask register (MKO) is used to 
enable or disable any interrupt. The interrupt service 
mode register (ISMO) specifies whether an interrupt is 
processed by vectoring or macro service. The priority 


flag register (PRO) can be used to specify a high or a low 
priority level for each interrupt. 

Two other 8-bit registers are associated with interrupt 
processing. The Interrupt status register (1ST) indi¬ 
cates if a nonmaskable interrupt request on the NMI pin 
Is being processed and can be used to allow nesting of 
nonmaskable interrupt requests. The IE and the ISP bits 
of the program status word are also used to control 
interrupts. If the IE bit Is zero, all maskable interrupts, 
but not macro service, are disabled. The IE bit can be 
set or cleared using the El and Dl instructions, respec¬ 
tively, or by directly writing to the PSW. The IE bit is 
cleared each time an interrupt is accepted. The ISP bit 
is used by hardware to hold the priority level flag of the 
interrupt being serviced. 
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Interrupt Priority. The nonmaskable interrupt (NMI) 
has priority over ail other interrupts. Two hardware 
controlled priority levels are available for the maskable 
Interrupts. Either a high or a low priority level can be 
assigned by software to each of the maskable inter¬ 
rupts. Interrupt requests of a priority higher than the 
processor’s current priority level are accepted; re¬ 
quests of the same or lower priority are held pending 
until the processor’s priority state Is lowered by pro¬ 
gram control within the current service routine or by a 
return instruction from the current service routine. 

Interrupt requests programmed to be handled by 
macro service have priority over all vectored interrupt 
service regardless of the assigned priority level, and 
macro service requests are accepted even when the 
interrupt enable bit in the PSW is set to the disable state 
(see figure 13). 

The default priorities listed In table 3 are fixed by 
hardware and are effective only when it is necessary to 
choose between two interrupt requests of the same 
software-assigned priority. For example, the default 
priorities would be used after the completion of a high 
priority routine if two interrupts of the same priority 
routine were pending. 

The software interrupt. Initiated by the BRK instruc¬ 
tion, is executed regardless of the processor’s priority 
level and the state of the IE bit. It does not alter the 
processor’s priority level. 


Figure 13. interrupt Service Sequence 
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Vectored Interrupt. When vectored interrupt is speci¬ 
fied for a given interrupt request, (1) the program 
status word and the program counter are saved on the 
stack, (2) the processor’s priority is set to that speci¬ 
fied for the interrupt, (3) the IE bit in the PSW is set to 
zero, and (4) the routine whose address is In the 
interrupt vector table is entered. At the completion of 
the service routine, theRETI instruction (RETB instruc¬ 
tion for the software interrupt) reverses the process 
and the jL/PD78214 family device resumes the Inter¬ 
rupted routine. 

Macro Service 

When macro service is specified for a given interrupt, 
the macro service hardware temporarily stops the 
executing program and begins to transfer data be¬ 
tween the special function register area and the mem¬ 
ory space. One byte is transferred each Interrupt. When 
the data transfer is complete, control is returned to the 
executing program, providing a completely transpar¬ 
ent method of interrupt service. Macro service signifi¬ 
cantly improves response time and makes it unneces¬ 
sary to save any registers. 

For each request on the interrupt line, one operation Is 
performed, and an 8-blt counter is decremented. When 
the counter reaches zero, a vectored interrupt service 
routine Is entered according to the specified priority. 

Macro service is provided for all of the maskable Inter¬ 
rupt requests except INTSER, the asynchronous serial 
interface receive error interrupt request. Each interrupt 
request has a dedicated macro service control word 
stored in Internal RAM (see figure 14). The function to 
be performed is specified In the control word. 

The pPD78214 family provides three different types of 
macro service transfers. 
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Figure 14, Macro Service Controi Word Map 






OFEDFH 

Channel Pointer 

1 

- INTSR 

OFEDEH 

Mode Register 


OFEDDH 

Channel Pointer 

' INTST 

OFEDCH 

Mode Register 


OFEDBH 

Channel Pointer 

• INTCSI 

OFEDAH 

Mode Register 


0FED9H 

Channel Pointer 

> INTC10 

0FED8H 

Mode Register 


0FED7H 

Channel Pointer 

• INTC11 

OFEDBH 

Mode Register 


OFEDBH 

Channei Pointer 

• INTP4/INTC30 

0FED4H 

Mode Register 


0FED3H 

Channel Pointer 

• INTP5/INTAD 

0FED2H 

Mode Register 


0FED1H 

Channel Pointer 

■ INTCOO 

OFEDOH 

Mode Register 

J 

OFECFH 

Channel Pointer 

1 

|- INTC01 

OFECEH 


J 

OFECDH 

Channei Pointer 

1 

|- INTC20 

OFECCH 

Mode Register 

J 

OFECBH 

Channei Pointer 

1 

I” INTC21 

OFECAH 

Mode Register 

J 

0FEC9H 

Channel Pointer 

1 

^ INTPO 

OFECBH 

Mode Register 

J 

0FEC7H 

Channei Pointer 

1 

INTP1 

OFECBH 

Mode Register 

J 

OFECBH 

Channel Pointer 

1 

INTP2 

0FEC4H 

Mode Register 

J 

0FEC3H 

Channel Pointer 

1 

^ INTP3 

0FEC2H 

Mode Register 

J 
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Macro Service Type A. A byte of data is transferred in 
either direction between a special function register, 
preassigned for each interrupt request, and a buffer in 
Internal RAM (FExx). The preassigned SFRs for the 12 
Interrupt requests that support macro service Type A 
transfers are listed in table 4. 


Tabie 4, Macro Service Type A interrupts and 
_ Assigned SFRs _ 


Interrupt Request 

Source/Destination SFR 

1NTC10: TM1-CR10 coincidence 

CR10: Timer 1 8 -bit compare 
register 

INTC11: TM1-CR11 coincidence 

CR11: Timer 1 8 -bit capture/ 
compare register 

INTC20: TM2-CR20 coincidence 

CR20: Timer 2 8 -bit compare 
register 

INTC21: TM2-CR21 coincidence 

CR21: Timer 2 8 -bit compare 
register 

INTC30: TM3-CR30 coincidence 

CR30: Timer 3 8 -bit compare 
register 

INTSR: End of asynchronous serial 
interface reception 

RxB: Serial receive buffer 

INTST: End of asynchronous serial 
interface transmission 

TxS: Serial transmit shift 
register 

INTCSI: End of clocked serial 
interface transmission 

SIO: Serial shift register 

INTAD: End of A/D conversion 

ADCR: A/D conversion result 
register 

INTPO: External interrupt pin P0i 

CR11: Timer 1 8 -bit capture/ 
compare register 

INTP1: External interrupt pin PO 2 

CR22: Timer 2 8 -bit capture 
register 

INTP2: External interrupt pin PO 3 

TM2: Timer 2 8 -bit timer 
register 


Macro Service Type B. A byte of data Is transferred in 
either direction between any specified special function 
register and a buffer anywhere in the 64K byte address 
space. Macro service Type B transfers can be initiated 
by any maskable interrupt except INTSER. 

Macro Service Type C. A byte of data is transferred 
from a buffer anywhere i n the 64K byte address space to 
one of the 8-bit compare registers of timer 1. At the 
same time, a second byte of data is transferred from a 
buffer anywhere in the 64K byte address space to the 
real-time output port buffer. Macro service Type C 
transfers can be Initiated by INTC10 with data trans¬ 
ferred to CR10 and POL or POH, or by INTC11 with data 
transferred to CR11 and POL or POH. 


In addition, the macro service Type C transfer can be 
initialized to automatically alter timer compare regis¬ 
ter values or to repeatedly output a prespecified pat¬ 
tern at a fixed or variable rate. By using macro service 
Type 0 transfers to control the real-time output ports, 
the P/PD78214 family can easily and accurately drive 
two Independent stepper motors. 
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Refresh 

The refresh signal is used with any pseudostatic RAM 
equivalent of the NEC /iPD428128. The refresh cycle can 
be set to one of four Intervals; 16, 32, 64, or 128/fcLK 
(2.6, 5.3, 10.7, and 21.3/iS at 12 MHz). The refresh cycle 
is timed to follow a read or write operation to avoid 
interference with external memory access cycles. 

Standby Modes 

HALT and STOP modes are provided to reduce power 
consumption when CPU action is not required. In HALT 
mode, the CPU Is stopped but the system clock con¬ 
tinues to run. The HALT mode is released by any 
unmasked interrupt, an external NMI, or an external 
reset pulse. In STOP mode, both the CPU and the 
system clock are stopped, further minimizing the 
power consumption. The STOP mode is released by 
either an external reset pulse or an external NMI. The 
HALT and STOP modes are entered by programming 
the standby control register (STBC). This register is a 
protected location and can be written to only by a 
special instruction. If the third and fourth bytes of the 
instruction are not complements of each other, the 
data is not written and the next instruction is exe¬ 
cuted. 

External Reset 

The /iPD7 8214 fa mily Is reset by taking the RESET pin 
low. The RESET Input pin contains a noise filter to 
protect against spuriou s syste m resets caused by 
noise. On power-up, the RESET pin must remain low 
until the power supply reaches Its operating voltage 
and the oscillator has stabilized. During reset, the 
program counter is loaded with the address contained 
in the reset vector table (address OOOOH, 0001 H); pro- 
gram execution starts at that address upon the RESET 
pin going high. While RESET Is low, all external lines 
except Vss, Vqd. AVss, AVref. XI, and X2 are in the high 
impedance state. 


ELECTRICAL SPECIFICATIONS 


Absolute Maximum Ratings 

Ta= +25°C 


Operating voltage, Vqd 

AVref 

AVss 

-0.5 to +7.0 V 
-0.5 to Vqd +0.5V 
-0.5 to +0.5V 

Input voltage, V|i 

V 12 (Note 1) 

V |3 (Note 2for/iPD78P214) 

-0.5to Vdd + 0.5 V 
-0.5 to AVref +0.5 V 
-0.5 to +13.5 V 

Output voltage, Vq 

-0.5 to Vdd +0.5V 

Low-level output current, Iql 
per pin 

total, all output pins 

15 mA 

100 mA 

High-level output current, Iqr 
per pin 

total, all output pins 

-10 mA 
-50 mA 

Operating temperature, Tqpt 

-40to+85°C 

Storage temperature, Tstg 

-65 to +150°C 


Notes: 


(1) Pins P7o/ANO - P75/AN5, Peg/WAIT/ANe, and P67/REFRQ/AN7 
when the pin is used as the A/D converter input or is selected by 
bits AN10-AN12 of the ADM register when the A/D converter is 
not in operation. However, V|i absolute maximum ratings should 
also be satisfied. 

(2) PZq/NMI, EA/Vpp, and P2-^/INTP0/A9 pins in the PROM program¬ 
ming mode 

Exposure to absolute maximum ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma¬ 
nent damage. The device should be operated within the limits 
specified under DC and AC characteristics. 


Operating Conditions 


Oscillation Frequency 


Ta 


Vdd 

fxx = 4 to 12 MHz 

-40 to +85°C 


+ 5 V ±10% 

Capacitance 

Ta = +25°C: Vdd = Vss = 

OV 




Item 

Symbol 

Max 

Unit 

Conditions 

Input capacitance 

C| 

20 

PF 

f = 1 MHz; 

• pins not 
used for 

• measurement 
are at 0 V 

Output capacitance 

Co 

20 

PF 

Input/output capacitance 

C|0 

20 

pF 
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DC Characteristics 

Ta -40 to +85°C; Vqd = 

+ 5 V ±10%; V 

CO 

CO 

II 

0 

< 





Item 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Low-level input voltage 

V|L 

0 


0.8 

V 


High-level input voltage 

V|H1 

2.2 


Vdd 

V 

Except the specified pins (Notes 1, 2) 


V|H2 

2.2 


AVref 

V 

Specified pins (Note 1) 


V|H3 

0.8 Vdd 


Vdd 

V 

Specified pins (Note 2) 

Low-level output voltage 

V0LI 



0.45 

V 

Iql = 2.0 mA 


VoL2 



1.0 

V 

Iql = 8.0 mA (Note 3) 

High-level output voltage 

V0HI 

VqD" ‘l-O 



V 

Iqh = -1-0 niA 


VoH2 

Vdd-0-5 



V 

Iqh = -100 a/A 


VoH3 

2.0 



V 

Iqh = ~5.0 mA (Note 4) 

X1 low-level input current 

l(L 



-100 

A/A 

0 < V| < V|L 

X1 high-level input current 

IlH 



100 

/jA 

ViH3 ^ V| < Vdd 

Input leakage current 

III 



±10 

piA 

0V<V,<Vdd 

Output leakage current 

•lo 



±10 

IjA 

0V< Vq :^Vdd 

AVref current 

AIref 


1.5 

5.0 

mA 

Operating mode, fxx = 12 MHz 

V[)D power supply current 

•ddi 


20 

40 

mA 

Operating mode, fxx = 12 MHz 


>DD2 


7 

20 

mA 

HALT mode, fxx = 12 MHz 

Data retention voltage 

Vdddr 

2.5 


5.5 

V 

STOP mode 

Data retention current 

•dddr 


2 

20 

A/A 

STOP mode; Vdddr — 2.5 V 




5 

50 

A/A 

STOP mode; Vdddr = 5V ±10% 

Pullup resistor 

Rl 

15 

40 

80 

kO 

V| = OV 


Notes: 

(1) Pins P7o/ANO - P 75 /AN 5 , PSe/WAIT/ANS, and P 67 /REFRQ/AN 7 
when the pin is used as the A/D converter input or is selected by 
bits AN10 - AN12 of the ADM register when the A/D converter is 
not in operation. 

(2) XI, X2, RESET, P2o/NMI, P2i/INTP0, P 29 /INTPI ,P2.VINTP2/CI, 
P 24 /INTP 3 , P 25 /INTP 4 /ASCK, P26/INTP5, P 27 /SI, PSg/SCK, P 33 / 
SO/SBO, and EA pins. 

(3) Pins PVADo - P47/AD7, and PSq/Aq - P 57/A15. 

(4) Pins POq - PO 7 . 
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AC Characteristics—Read/Write Operation 

Ta = -40 to +85°C; Vdd = +5 V ±10%; Vss = 0 V; fxx = 12 MHz; Cj. = 100 pF 

item 

Symbol 

Calculation Formula (2, 3) 

Min 

Max 

Unit 

Conditions 

XI input clock cycle time 

^CYX 

— 

82 

250 

ns 


Address setup time to ASTB i 

^SAST 

tcYX - 30 

52 


ns 


Address hold time from ASTB 4 (Note 1) 

tHSTA 

— 

25 


ns 


Address hold time from RDt 

tHRA 

— 

30 


ns 


Address hold time from WR t 

tHWA 

— 

30 


ns 


Address to RD 4 delay time 

^DAR 

2tcYX - 35 

129 


ns 


Address float time to RD 4 

tpAR 

tCYx/2-30 

11 


ns 


Address to data input time 

^DAID 

(4+2n)tcYX-100 


228 

ns 

No wait states 

ASTB 4 to data input time 

bSTID 

(3+2n)tQYx - 65 


181 

ns 

No wait states 

RD 4 to data input time 

^DRID 

(2+2n)tcYX " 64 


100 

ns 

No wait states 

ASTB 4 to RD 4 delay time 

^DSTR 

1 

52 


ns 


Data hold time from RD t 

^HRID 

— 

0 


ns 


RD t to address active time 

^DRA 

2tcYX - 40 

124 


ns 


RD t to ASTB f delay time 

tDRST 

2tcYX - 40 

124 


ns 


RD low-level width 

%RL 

(2+2n)tcYX"40 

124 


ns 

No wait states 

ASTB high-level width 

^WSTH 

tcYX - 30 

52 


ns 


Address to WR 4 delay time 

^DAW 

2tcYX - 35 

129 


ns 


ASTB 4 to data output time 

^DSTOD 

fCYX + 30 


142 

ns 


WR 4 to data output time 

^DWOD 

— 


60 

ns 


ASTB 4 to WR 4 delay time 

^DSTWI 

t0YX - 30 

52 


ns 



tDSTW2 

2tcYX - 35 

129 


ns 

Refresh mode 

Data setup time to WR t 

%ODWR 

(3+2n)tcYX " 100 

146 


ns 

No wait states 

Data setup time to WR 4 

^SODWF 

o 

<0 

1 

1 

22 


ns 

Refresh mode 

Data hold time from WR t (Note 1) 

*HWOD 

— 

20 


ns 


WR t to ASTB t delay time 

bWST 

tcYX - 40 

42 


ns 


WR low-level width 

twWL1 

(3+2n)tQYX " 50 

196 


ns 

No wait states 


twWL2 

(2+2n)tcYX " 50 

114 


ns 

Refresh mode; No wait 
states 

Address to WAIT 4 input time 

^DAWT 

1 

o 

o 


146 

ns 


ASTB 4 to WAIT 4 input time 

tDSTWT 

2tcYX - 30 


84 

ns 


WAIT hold time from ASTB 4 

^HSTWT 

2XtcYX +10 

174 


ns 

One external wait state 

ASTB 4 to W^ t delay time 

^DSTWTH 

2(l + X)tcYX-55 


273 

ns 

One external wait state 

RD 4 to WAIT input time 

bRWTL 

o 

(O 

1 

1 


22 

ns 


WAIT hold time from RD 4 

^HRWT 

(2X-1)tcYX+ 5 

87 


ns 

One external wait state 

RD 4 to t delay time 

^DRWTH 

(2X+1)tcYX - 60 


186 

ns 

One external wait state 

WAIT t to data input time 

^DWTID 

ICYX ~ 20 


62 

ns 


t to WR t delay time 

tDWTW 

i 

o 

154 


ns 


WAIT t to RD t delay time 

tDWTR 

X 

I 

o 

72 


ns 


WR 4 to WAIT input time 

^DWWTL 

tcYX - 60 


22 

ns 

Refresh disabled 
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AC Characteristics—Read/Write Operation (cont) 

Item 

Symbol Calculation Formula (2, 3) 


Min 

Max 

Unit 

Conditions 

WAIT hold time from WR i 

1HWWT1 (2X-1)tcYX + 5 


87 


ns 

One external wait state; 
refresh disabled 


1HWWT2 2(X-1)tcYX + 5 


5 


ns 

One external wait state; 
refresh enabled 

WR i to WJf t delay time 

tDWWTHI (2X-l-1)tcYX-60 



186 

ns 

One external wait state; 
refresh disabled 


1DWWTH2 2XtcYX-60 



104 

ns 

One external wait state; 
refresh enabled 

RD t to REFRQ i delay time 

IdRRFQ 2tcYX - 10 


154 


ns 


WRtto REFRQ i delay time 

Idwrfq Icyx-10 


72 


ns 


REFRQ low-level width 

IWRFQL 2tcYX " 44 


120 


ns 


REFRQ t to ASTB t delay time 

IdRFQST 4tcYX - 48 


280 


ns 


Notes: 







(1) The hold time includes the time during which Vqh snd Vql s*"® 
retained under the following load conditions: Cl = 100 pF and 

Rl = 2 kQ 






(2) n indicates the number of internal wait states. 

(3) X indicates the number of external wait states (1, 2, 3, ...) 






Serial Port Operation 

Ta = -40 to +85°C; Vdd = +5 V ±10%; Vss = 0 V; fxx = 12 MHz; Cl = 100 pF 






Item 

Symbol Min 

Max 


Unit 


Conditions 

Serial clock cycle time 

q 

1 



fJS 


External clock input 


1.3 



/iS 


Internal cIock/16 output 


5.3 



/JS 


Internal clock/64 output 

Serial clock low-level width 

twSKL '•20 



ns 


External clock input 


556 



ns 


Internal clock/16 output 


2.5 



fJS 


Internal clock/64 output 

Serial clock high-level width 

twSKH 420 



ns 


External clock input 


556 



ns 


Internal clock/16 output 


2.5 



fJS 


Internal clock/64 output 

SI, SBO setup time to SCK t 

ISSSK 150 



ns 



SI, SBO hold time from SCK t 

IhSSK 400 



ns 



SO/SBO output delay time from SCK i 

Idsbski 0 

300 


ns 


CMOS push-pull output 
(3-line serial I/O mode) 


1DSBSK2 0 

800 


ns 


Open-drain output 
(SBI mode), Rl = 1 kO 

SBO high, hold time from SCK t 

IhSBSK 4 



ICYX 


SBI mode 

SBO low, setup time to SCK i 

ISSBSK 4 



ICYX 


SBI mode 

SBO low-level width 

IWSBL 4 



ICYX 



SBO high-level width 

IWSBH 4 



ICYX 




4a 
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A/D Converter Operation 


Ta = -40 to -^85°C; Vdd = 

-F5V ±10%: Vss 

;= AVss= OV 




Item 

Symbol 

Min Typ 

Max 

Unit 

Conditions 

Resolution 


8 


Bit 


Full-scale error (Note 1) 



0.4 

% 

AVref = 4.0 V to Vdd: Ta = -io to -f7o°c 




0.8 

% 

AVref = 3.4 V to Vdd; Ta = -loto -f70°c 




0.8 

% 

AVREP = 4.0 V to Vdd 

Quantization error 



±1/2 

LSB 


Conversion time 

tcONV _ 

360 


^CYX 

83 ns < tcYX - 125 ns (Note 2) 



240 


<CYX 

125 ns < tcYX ^ 250 ns (Note 3) 

Sampling time 

tSAMP 

72 


<CYX 

83 ns < tcYX ^ 125 ns (Note 2) 



48 


^CYX 

125 ns < tQYX - 250 ns (Note 3) 

Analog input voltage 

VlAN 

-0.3 

AVref 

V 


Analog input impedance 

Ran 

1000 


MQ 


Analog reference voltage 

AVref 

3.4 

Vdd 

V 


AVref current 

AIreF _ 

1,5 

5.0 

mA 

Operating mode, fxx = 12 MHz 



0.2 

1,5 

mA 

STOP mode 

Note: 


(1) Quantization errror is not included. Unit is defined as percent of 
full-scale value. 

(2) FR bit of ADM register is 0. 

(3) FR bit of ADM registers is 1. 


Interrupt Timing Operation 

Ta = -40 to +85°C: Vdd = +5V ±10%; Vss = OV 


Item 

Symbol Min 

Max Unit Conditions 

NMI low-level width 

IWNIL 

10 

A/s 

NMI high-level width 

IWNIH 

10 

A/s 

INTP0-INTP5 low-level width 

iwm 

24 

ICYX 

INTP0-INTP5 high-level width twijH 

24 

ICYX 

RESET low-level width 

IWRSL 

10 

fJS 

RESET high-level width 

IWRSH 

10 

Afs 


30 
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Data Retention Characteristics 

Ta = -40 to +85°C 

Item 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Data retention voltage 

^DDDR 

2.5 


5.5 

V 

STOP mode 

Data retention current 

■dddr 


2 

20 

/iA 

Vdddr = 2.5 V 




5 

50 

AfA 

Vdddr = 5 v ±io% 

Vdd •'ise time 

^RVD 

200 



fJS 


Vqd 

VVD 

200 



A/s 


Vqq retention time 
(from STOP mode setting) 

^HVD 

0 



ms 


STOP release signal input time 

^DREL 

0 



ms 


Oscillation stabilization wait time 

%Arr 

30 



ms 

Crystal resonator 



5 



ms 

Ceramic resonator 

Low-level input voltage 

V|L 

0 


0-1 Vdddr 

V 

Specified pins (Note 1) 

High-level input voltage 

V|H 

0.9 Vdddr 


Vdddr 

V 

Specified pins (Note 1) 


Note: RESET, P2o/NMI, P2i/INTP0, P22/INTPI, P23/INTP2/CI, P24/ 
1NTP3, P25^NTP4/ASCK, P26/INTP5, P27/SI, P32/SCK, P33/SO/ 
SBO, and EA pins. 


Recommended Resonator Circuit 



Ceramic or crystal resonator frequency f xx = 4 to 12 MHz 
External oscillation circuit should be as close to the X1 and 
X2 pins as possible 

Do not place other signal lines in the shaded area 
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Recommended Externa! Clock Circuit 


Clock 



Clock frequency fxx = 4 to 12 MHz 
In STOP mode, XI is Internally shorted to V 33 to prevent 
leakage current. Therefore, STOP mode Is not available 
when using this external clock circuit. 


External Clock Operation 


Ta = -40 to -h85°C: Vdd 

= +5 V ± 

10%; V 

SS = 

OV 

item 

Symbol 

Min 

Max 

Unit Conditions 

X1 input low-level width 

%XL 

30 

130 


XI input high-level width 

%XH 

30 

130 

!■■■■' 

XI input rise time 

^xr 

0 

30 

1 

ns 

XI input fall time 

^XF 

0 

30 

ns 

X1 input clock cycle time 

^CYX 

82 

250 

ns 


Recommended Ceramic Resonators 


Manufacturer 

Frequency 

(MHz) 

Part Number 

Cl (pF) 

C2 (pF) 

Murata Mfg. 

12 

CSA12.0MT 

30 

30 



CST12.0MTW (1) 

None (2) 

None (2) 


4 

CSA4.00MG040 

100 

100 



CST4.00MG040 

None (2) 

None (2) 

Kyocera Corp. 

12 

KBR12.0M 

33 

33 

Notes: 

(1) Recommended for A/PD78212/213/214 only. 

(2) C1 and C2 are contained in the resonator. 



Recommended Crystal Resonators 


Manufacturer 

Frequency Part 

(MHz) Number 

Cl (pF) 

C2 (pF) 

Kinseki 

12 

HC-49/U 

18 

18 
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JIIPD78214 Family 

Timing Waveforms 


Voltage Thresholds for AC Timing Measurements 
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Timing Waveforms (cont) 
Write Operation 
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Timing Waveforms (cont) 

External WAIT Signal Input (Read Operation) 







jiPD78214 Family 
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Timing Waveforms (cont) 


Refresh After Read 
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Timing Waveforms (cont) 


Interrupt Input 


External Clock 



38 











jLiPD78214 Family 


/IPD78P214 PROGRAMMING 

In the jL/PD78P214, the mask ROM of )l/PD 78214 is re¬ 
placed by a one-time programmable ROM (OTP ROM) 
or a reprogrammable, ultraviolet erasable ROM (UV 
EPROM). The ROM is 16,384 x 8 bits and can be 
programmed using a general-purpose PROM writer 
with apPD27C256A programming mode. 

The PA-78P214CW/GC/GJ/GQ/L are the socket adaptors 
used for configuring the /iPD78P214 to fit a standard 
PROM socket. 

Refer to tables 5 and 6 and figures 15 through 18 for 
special information applicable to PROM programming. 


Table 5. Pin Functions During PROM 
Programming 


Pin 

Pin* 

Function 

PO 0 -PO 7 

> 

0 

> 

Address input pins for PROM 
operations 

PSq/Aq 

As 

Address input pin for PROM 
operations 

P2i/INTP0 

Ag. 

Address input pin for PROM 
operations 

P52/A-I0 - P5e/Ai4 

< 

0 

< 

Address input pins for PROM 
operations 

PVADo - P 47 /AD 7 

□o - D 7 

Data pins for PROM operations 

PSs/^ 


Strobes data into the PROM 

P 64 /Rb 

OE 

Enables a data read from the PROM 

P2o/NMI 

NMI 

PROM programming mode is 
entered by applying +12.5 volts to 
this pin 

RESET 

RESET 

PROM programming mode requires 
applying a low voltage to this pin 

EA 

Vpp 

High voltage applied to this pin for 
program write/verify 

Vdd 

Vdd 

Positive power supply pin 

Vss 

Vss 

Ground 


* Pin name in PROM programming mode. 


Table 6. Summary of Operation Modes for PROM Programming 


Mode 

NMI 

RESET 


m 

Vpp 

< 

0 

0 

Dq- D7 

Program write 

+12.5 V 

L 

L 

H 

+ 12.5 V 

+ 6 V 

Data input 

Program verify 

+12.5 V 

L 

H 

L 

+12.5 V 

+ 6 V 

Data output 

Program inhibit 

+12.5 V 

L 

H 

H 

+12.5 V 

+ 6 V 

High Z 

Read out 

+12.5 V 

L 

L 

L 

+ 5V 

+ 5V 

Data output 

Output disable 

+12.5V 

L 

L 

H 

+ 5V 

+ 5V 

High Z 

Standby 

+12.5 V 

L 

H 

L/H 

+ 5 V 

+ 5V 

High Z 


Note: y^en +12.5 V is applied to Vpp and +6 V to Vqq, both CE and 
OE cannot be set to low level (L) simultaneously. 
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NEC 


Pin Functions In /iPD78P214 PROM Programming Mode 


Figure 15. 64-Pin Piastic and Ceramic Shrink DiP 
64-Pin Piastic QUiP 
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Pin Functions in /iPD78P214 PROM Programming Mode (cont) 


Figure 16. 64-Pin Piastic QFP 



Notes: 

(1) L: ConnecttheseplnsseparatelytoV33 through 
resistors. 


(2) G: Connect these pins to V33. 

(3) Open: Do not connect these pins. 


83YL-9192B 
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Pin Functions in ^PD78P214 PROM Programming Mode (cont) 

Figure 17. 68-Pin PLCC 



Notes: 

( 1 ) L: Connect these pins separately to V33 through 
resistors. 


( 2 ) G: Connect these pins to V33. 

( 3 ) Open: Do not connect these pins. 


83YL-9193B 
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Pin Functions in /iPD78P214 PROM Programming Mode (cont) 


Figure 18. 74-Pin Piastic QFP 
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PROM Write Procedure 

( 1 ) Set the pins not used for programming as i ndi¬ 
cate d in figures 15 through 18. Connect the RE¬ 
SET pin to a low level, the Vdd and Vpp pins to +5 
V, and apply + 12.5 V to the NMI pin. The CE and 
OE pins should be high. 

( 2 ) Apply + 6 V to the Vdd pin and +12.5 V to the Vpp 
pin. 

(3) Provide the initial address to the Aq to A 14 pins. 

(4) Provide write data. 

(5) Provide 1-ms program pulse (active low) to the 
CE pin. 

( 6 ) This data is now verified with a pulse (active low) 
to the OE pin. If the data has been written, 
proceed to step 8 ; if not, repeat steps 4 to 6 . If the 
data cannot be correctly written after 25 at¬ 
tempts, go to step 7. 

(7) Classify as defective and stop write operation. 

( 8 ) Provide write data and supply program pulse (for 
additional writing) for 3 ms times the number of 
writes performed In step 5. 

(9) Increment the address. 

(10) Repeat steps 4 to 9 until the end address. NEC 
reserves address 4000H for future functional ex¬ 
tension. If a PROM writer cannot specify a final 
programming address, FFH must be written in 
address 4000H. 


PROM Read Procedure 

(1) Set the pins not used for program ming as indi¬ 
cated in figures 15 through 18. Fix the RESET pinto 
a low level, the Vdd and Vpp pins to +5 V, and 
apply +12.5 Vto the NMI pin. TheCEandOE pins 
should be high. 

(2) Input the address of the data to be read to pins 
Aq - A14. 

(3) Read mo^is ent^d with a pulse (active low) on 
both the CE and OE pins. 

(4) Data is output to the Do to D 7 pins. 

EPROM Erasure 

Data in an EPROM is erased by exposing the quartz 
window in the ceramic package to light having a wave¬ 
length shorter than 400 nm, Including ultraviolet rays, 
direct sunlight, and fluorescent light. To prevent unin¬ 
tentional erasure, mask the window. 

Typically, data is erased by 254-nm ultraviolet rays. A 
minimum lighting level of 15 Ws/cm2 (ultraviolet ray 
intensity x exposure time) is required to completely 
erase written data. Erasure by an ultraviolet lamp rated 
at 12 mW/cm2 takes approximately 15 to 20 minutes. 
Remove any filter on the lamp and place the device 
within 2.5 cm of the lamp tubes. 
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DC Programming Characteristics 

Ta = £5 ±5"C; V|p = 12.5 ±0.5 V applied to NMI pin; Vss 

= OV 





Parameter 

Symbol 

Symbol* 

Min 

Typ 

Max 

Unit 

Condition 

High-level input voltage 

V|H 

V|H 

2.4 


Vddp+ 0.3 

V 


Low-level input voltage 

VlL 

V|L 

-0.3 


0.8 

V 


Input leakage current 

•lip 

•li 



10 


0 < V| < Vddp 

High-level output voltage 

V 0 H 1 

V 0 H 1 

2.4 



V 

IqH = -400 a^a 


V 0 H 2 

VoH 2 

< 

o 

o 

1 

o 



V 

o 

X 

II 

o 

o 

Low-level output voltage 

VoL 

VoL 



0.45 

V 

Iql = 2.1 mA 

Output leakage current 

•lo 




10 

fjA 

0 < Vq ^ Vddp. oe = Vih 

NMI pin high-voltage input current 

•ip 




±10 

/iA 


Vddp power voltage 

Vddp 

< 

O 

o 

5.75 

6.0 

6.25 

V 

Program memory write mode 




4.5 

5.0 

5.5 

V 

Program memory read mode 

Vpp power voltage 

Vpp 

Vpp 

12.2 

12.5 

12.8 

V 

Program memory write mode 





Vpp = Vddp 


V 

Program memory read mode 

Vddp power current 

•dd 

•cc 


5 

30 

mA 

Program memory write mode 





5 

30 

mA 

Program memory read mode 
^ = V,L, V, = V,H 

Vpp power current 

•pp 

•pp 


5 

30 

mA 

Program memory write mode 
CE = V||_, OE = V|H 





1 

100 


Program memory read mode 

* Corresponding symbols of the /iPD27C256A. 







AC Programming Characteristics (Write Mode) 

Ta = 25 ±5“C; V|p = 12.5 ±0.5 V applied to NMI pin; Vss = OV; Vqq = 

6 ±0.25 V; Vpp 

= 12.5 ±0.3 V 



Parameter 


Symbol 

Symbol 

* Min 

Typ 

Max 

Unit Conditions 

Address setup time to CE i 


^SAC 

^AS 

2 



^s 

Data input to OE i delay time 


^DDOO 

tOES 

2 



/iS 

Input data setup time to CE 1 


tSIDC 

^DS 

2 



/is 

Address hold time from CE t 


^HCA 

Uh 

2 



/iS 

Input data hold time from ^ t 


fHClD 

^DH 

2 



/is 

Output data hold time from OE T 


^HOOD 

tDF 

0 


130 

ns 

Vpp setup time to CE i 


tsvpc 

Vps 

1 



ms 

Vddp setup time to CE 1 


tsVDC 

Vcs 

1 



ms 

Initial program pulse width 


%L1 

tpw 

0.95 

1.0 

1.05 

ms 

Additional program pulse width 


tWL2 

<OPW 

2.85 


78.75 

ms 

NMI high-voltage input setup time to CE i 

^SPC 


2 



/is 

OE i to data output time 


^DOOD 

tOE 



150 

ns 


* Corresponding symbols of the jL/PD27C256A. 
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AC Programming Characteristics (Read Mode) 

Ta = 25 ±5°C; V|p = 12.5 ±0.5 V applied to NMI pin; Vss = OV; VpD = 5 ±0.5 V; Vpp = Yppp 


Parameter 

Symbol 

Symbol* 

Min 

Typ 

Max 

Unit 

Condition 

Address to data output time 

tpAOD 

^ACC 



200 

ns 

-j 

> 

II 

|LU 

10 

11 

|UJ 

lo 

CE i to data output time 

tpCOD 

^CE 



200 

ns 

> 

II 

|LU 

lo 

OE i to data output time 

^DOOD 

^OE 



75 

ns 

CE = V,L 

Data hold time from OE t 

^HCOD 

^DF 

0 


60 

ns 

V,L 

Data hold time from address 

^HAOD 

tOH 

0 



ns 

ml 

II 

oi 

ml 

II 

< 

r- 


* Corresponding symbols of the /iPD27C256A. 


PROM Timing Diagrams 

PROM Write/Verify Mode 



(1) Vqo must be applied before applying Vpp. It should bo removed after removing Vpp. 

(2) Vpp must not exceed +13V, Including overshoot. 

83ML-5996B 
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PROM Timing Diagrams (cont) 
PROM Read Mode 
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— JIIPD78218A Family 

|\|EC- OiPD78217A/218A/P218A) 

NEC Electronics Inc. K-Series Microcontrollers 

With A/D Converter, Real-Time Output Ports 

__ July 1993 


Description 

The /iPD78217A, /iPD78218A, and /iPD78P218A are 
members of the K-Series® of microcontrollers and are 
designed for real-time embedded control applications. 
The /iPD78218A family Is pin compatible with the 
/iPD78214 family and offers increased Internal memory 
with enhanced timer and macro service facilities. 
These 8 -blt, single-chip microcontrollers have a mini¬ 
mum instruction time of 333 ns at 12 MHz (500 ns for 
the /iPD78217A). They feature 8 -bit hardware multiply 
and divide Instructions, four banks of main registers, 
an advanced interrupt handling facility, a powerful set 
of memory mapped on-chip peripherals, and the ability 
to address up to 1 M bytes of external data memory. On 
board memory includes 1024 bytes of RAM, 32K bytes 
of mask ROM, or 32K bytes of UV EPROM or one-time 
programmable (OTP) ROM. 

The advanced interrupt handling facility provides two 
levels of programmable hardware priority control and 
two separate methods of servicing interrupt requests: 
vectored and macro service. The macro service facility 
reduces the overhead involved In servicing peripheral 
interrupts by transferring data between the memory- 
mapped special function registers (SFRs) and memory 
without the use of time consuming interrupt service 
routines. In addition, the macro service facility can be 
initialized to automatically alter timer compare regis¬ 
ter values or to repeatedly output a prespecified pat¬ 
tern at a fixed or variable rate. By using macro service 
to control the real-time output ports, the /jPD 78218A 
family can easily and accurately drive two independent 
stepper motors. 

The combination of the macro service facility, four 
banks of main registers, extended data memory ad¬ 
dress space, and powerful on-chip peripherals makes 
these devices ideal for applications in office automa¬ 
tion, communication, HVAC, and industrial control. 

Features 

□ Complete single-chip microcontroller 

— 8 -bit ALU 

— Program memory (ROM) 

/iPD78217A: ROMIess 
)L/PD78218A/P218A: 32K bytes 

— Data memory (RAM): 1024 bytes 


□ Pin compatible with jL/PD78214 family 

° Powerful instruction set 

— 8-bit unsigned multiply and divide 

— 16-blt arithmetic instructions 

— 1-bit and 8-bit logic Instructions 

□ Minimum instruction time 

— 333 ns at 12 MHz (/iPD78218A/P218A) 

— 500 ns at 12 MHz 0^PD78217A) 

□ Memory expansion 

— 8085 bus-compatible 

— 64K program address space 

— 1M data address space 

□ Large I/O capacity 

— Up to 54 I/O port lines on /iPD78218A/P218A 
— Up to 36 I/O port lines on jl/PD 78217A 
— Software programmable pull up resistors 

□ Memory-mapped on-chip peripherals (special 
function registers) 

□ Timer/counter unit 

— 16-bit timer 0: 

Two 16-bit compare registers 
One 16-blt capture register 
One external interrupt/capture line 

— 8-blt timer 1: 

One 8-blt compare register 
One 8-bit capture/compare register 
One external interrupt/capture line 

— 8-blt timer/counter 2: 

Two 8-blt compare registers 
One 8-bit capture register 
One external Interrupt/capture line 
One external event counter line 

— 8-bit timer 3: 

One 8-bit compare register 

□ Four 8-blt precision timer-controlled pulse-width 
modulated (PWM) output lines 

□ Two 4-bit (or one 8-blt) real-time output ports 
° Eight-channel 8-bit A/D converter 

° Programmable priority Interrupt controller (two 
levels) 

□ Two methods of interrupt service 

— Vectored interrupts 

— Macro service mode with choice of three 
different types 



K-series is a registered trademark of NEC Electronics, Inc. 


50599 



j[iPD78218A Family 


Features (cent) Pin Configurations 

□ Two-channel serial communication interface 64-Pm Shrink DIP (Plastic or Ceramic) 

— Asynchronous serial interface (UART) 

Dedicated baud rate generator 
-Clock-synchronized interface 
Full-duplex, three-wire mode 
NEC serial bus interface (SBI) mode 

□ Refresh output for pseudostatic RAM 

□ STOP and HALT standby functions 

□ 5-volt CMOS technology 

Ordering Information _ 

Part Number Package Package Drawing ROM 

/iPD78217ACW 64-pin plastic (P64C-70-750A, C) ROMIess 

shrink DIP 

/iPD78217AGC 64-pin plastic (P64GC-80-AB8-2) 

QFP 

/iPD78218ACW-xxx 64-pin plastic (P64C-70-750A, C) 32K mask 
shrink DIP ROM 


/iPD78218AGC-xxx 64-pin plastic (P64GC-80-AB8-2) 

QFP 

A/PD78P218ACW 64-pin plastic (P64C-70-750A, C) 32K OTP 

shrink DIP ROM 

/iPD78P218AGC 64-pin plastic (P64GC-80-AB8-2) 

QFP 

//PD78P218ADW 64-pin shrink (P64DW-70-750A1) 32K UV 

cerdip w/ EPROM 

window 

Note: XXX indicates ROM code suffix 


P 031 I 


^ 64 

□ PO 2 

P 04 C: 

2 

63 

□ PO 1 

P 05 II 

3 

62 

□ POq 

POeC 

4 

61 

□ P 37 /TO 3 

PO 7 C 

5 

60 

□ P3e/T02 

P67/REFR(yAN7 C 

6 

59 

□ P 35 /TOI 

P 66 /WAIT/AN 6 C 

7 

58 

□ P 34 /TOO 

P 65 /WR C 

8 

57 

□ P7o/ANO 

P 64 /RDC: 

9 

56 

□ P7i /AN1 

P 63 /A 19 c 

10 

55 

□ P72/AN2 

P 62 /A 18 L 

11 

54 

□ P 73 /AN 3 

P 6 i/A -,7 C 

12 

53 

□ P 74 /AN 4 

P 60 /A 16 C 

13 

52 

□ P 75 /AN5 

RESET C 

14 

51 

=1 AVref 

X2 C 

15 

50 

□ AVss 

XI c 

16 

49 

^ Vdd 


17 

48 

□ EA 


18 

47 

□ P 33 /SO/SBO 

P56/Ai4 L 

19 

46 

□ P32/^ 

P 55 M 13 c 

20 

45 

□ P3i /TxD 

P54/A,2 C 

21 

44 

□ P3o/RxD 

PSg/A,, C 

22 

43 

□ P 27 /SI 

PSg/Aio C 

23 

42 

□ P26/INTP5 

PS-j /Ag Cl 

24 

41 

□ P 25 /INTP 4 /ASCK 

pso/aqC: 

25 

40 

□ P24/INTP3 

P 47 /AD 7 c: 

26 

39 

□ P 23 /INTP 2 /CI 

P46/AD6 C 

27 

38 

□ P22/INTP1 

P 45 /AD 5 C 

28 

37 

□ P2i /INTPO 

P 44 /AD 4 11 

29 

36 

□ P20/NMI 

P 43 /AD 3 C 

30 

35 

□ ASTB 

P42/AD2 C 

31 

34 

□ P40/AD0 

^SS ^ 

32 

33 

□ P41/AD1 
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Pin Functions; Normai Operating Mode 

Symbol 

First Function 

Symbol 

Second Function 

POo- PO7 

Port 0; 8-bit tristate output port/real time output port 



P2o 

Port 2; 8-bit input port 

NMI 

External nonmaskable interrupt 

P2l 

P22 


INTPO 

INTP1 

Maskable external interrupts 

P23 


INTP2 

Maskable external interrupt 



Cl 

External clock input to timer/counter 2 

P24 


INTP3 

Maskable external interrupt 

P25 


INTP4 

Maskable external interrupt 



ASCK 

Asynchronous serial clock input 

P 26 


INTP5 

Maskable external interrupt 

P27 


SI 

Serial data input for three-wire serial I/O mode 

P3o 

Port 3; 8-bit, bit-selectable tristate input/output port 

RxD 

Asynchronous serial receive data input 

P3i 


TxD 

Asynchronous serial transmit data output 

P32 


SCK 

Serial shift clock input/output 

P33 


SO 

Serial data output for three-wire serial I/O mode 



SBO 

I/O bus for NEC serial bus interface (SBI) 

P34- P37 


TOO - T03 

Timers TO to T3 outputs 

P4o- P47 

Port 4; 8-bit tristate input/output port 

ADq - AD7 

Low-order 8-bit multiplexed address/data bus 

P5o- P57 

Port 5; 8-bit, bit-selectable tristate input/output port 

As- Ai5 

High-order 8-bit address bus 

P60- P63 

Port 6; 4-bit output port 

Ai6- Ai9 

Extended memory address bus 

P64 

Port 6; 4-bit, bit-selectable tristate input/output port 

RD 

External memory read strobe 

P 65 



External memory write strobe 

P 66 


mrf 

External memory wait signal input 



AN6 

Analog voltage input to A/D converter 

P67 


REFRQ 

Refresh pulse output used by external 
pseudostatic memory 



AN7 

Analog voltage input to A/D converter 

P7o- P75 

Port 7; 6-bit input port 

ANO- AN5 

Analog voltage inputs to A/D converter 

ASTB 

Address strobe output used to latch the 
low-order 8 address for external memory 



RESET 

External system reset input 



EA 

Internal ROM or external memory control signal input. Low-level 
input selects external memory. High-level input selects internal 
ROM. A low-level input on a /JPD78218A or /iPD78P218A places 
the device in ROMIess mode and external memory is accessed. 



X1 

Crystal/ceramic resonator connection or external clock input 



X2 

Crystal/ceramic resonator connection or inverse of external 
clock 



AVref 

A/D converter reference voltage 



AVss 

A/D converter ground 



VdD 

4-5 volt power supply input 



Vss 

Power supply ground 



NC 

No connection 
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Block Diagram 


SFR Address/Data Bus 


P2-t /INTPO - ■ 
P26/INTP5 ■ 


P25/INTP4/ ■ 
ASCK 

P32/^ ■ 
P33/SCySB0 “ 
P 27 /SI- 


INTP1 

P23/INTP2/CI 

P3e/T02 

P37/TO3 


PO 0 -PO 3 < 
PO 4 - PO 7 - 


Programmable 

Interrupt 

Controller 


Baud Rate 
Generator 


Clock Serial 
Interface 




Timer/ 

KO\ 


Real-Time 
Output Port 
(4 Bits X 2) 


Address 

Bus 


7s 

M 

r 




_r 


X 

I I 


L 


PC 


Temporary 

Registers 


Boolean 

Processor 


Internal Program 
Memory 

OK Bytes :|iPD78217A 
32K Bytes :tiPD78218A/ 
HPD78P218A 


Micro 

Sequencer 


PSe/WAIT/ 

AN 6 

P 67 /REFRQ/ 

AN7 


System Control 



AN0-AN7 

AVpcp - 


A/D 

Converter 


Macro Ser\rtce 
Control Words 

(256 Bytes) 
Internal Data Bus 


Peripheral RAM 
768 Bytes 


Peripheral Bus l/F 


Port 


□ 

8 

8 

8 

POq 

P2o 

P3o 

P4o 

P5o 

-PO 7 

.P 27 

-P37 

-P47 

-P57 
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/iPD78218A and #iPD78214 Differences 

The /iPD78218A family is a pin compatible enhanced 
version of the /iPD78214 family. Some of the enhance¬ 
ments include a larger internal program ROM and data 
RAM memory space, an improved 16-bit timer 0, and an 
enhanced macro service facility. Table 1 highlights the 
differences between the /iPD78218A and /iPD78214 fam¬ 
ilies. 


Table I. Differences Between the juPD78218A and 
/iPD78214 Families 


item 

|iiPD78218A Family 

lttPD78214 Family 

Maximum on-chip 
ROM 

32K bytes 

16K bytes 

Maximum on-chip 
RAM 

1024 bytes 

512 bytes 

16-bit timer 

Software-triggered 
one-shot pulse 
output 

Not available 

Macro service 
counter 

8/16-bit selectable 
(except Type A 
transfers) 

8 -bit only 

Type C macro 
service pointer, MPT 
and MPD 

Increments full 16 
bits 

Increments only 
lower 8 bits 

Macro service 
execution times 

Execution times 
differ: refer to 
hardware user’s 
manual 

Execution times 
differ: refer to 
hardware user’s 
manual 

PUSH PSW 
instruction 

Execution times 
differ: refer to 
software user’s 
manual 

Execution times 
differ: refer to 
software user’s 
manual 

Oscillation 
stabilization time 
when exiting STOP 
mode 

Time equivalent to 
NMI active pulse 
width plus 16 bits of 
dedicated counter or 
15 bits of dedicated 
counter 

Time equivalent to 
NMI active pulse 
width plus 16 bits of 
dedicated counter 

A/D converter 
reference voltage 

3,6 V to Vq 0 

3.4 V to VpD 

Programmable 
device operating 
voltage 

5V ±0.3 V 

5V ± 10 % 

Package 

64-pin plastic shrink 
DIP 

64-pin plastic shrink 
DIP 


64-pin plastic QFP 

64-pin plastic QFP 


64-pin shrink cerdip 
w/window 

64-pin shrink cerdip 
w/window 



64-pin plastic QUIP 



68 -pin PLCC 



74-pin plastic QFP 


FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) 

The //PD78218A family CPU features 8 - and 16-bit arith¬ 
metic including an 8 x 8 -bit unsigned multiply and 16 x 
8 -bit unsigned divide (producing a 16-bit quotient and 
an 8 -bit remainder). The multiply executes in 3.67 fjs 
and the divide in 12.36 jjsatlZ MHz (4.00 and 12.69 fJS 
respectively for juPD7821 7A ). 

A CALLT vector table and a CALLF program area 
decrease the number of bytes in the call Instructions 
for commonly used subroutines. A 1-byte call Instruc¬ 
tion (CALLT) can access up to 32 subroutines through 
the addresses contained in the CALLT vector table. A 
2-byte call instruction (CALLF) can access any routine 
beginning at a specific address In the CALLF area 

The internal system clock (fciK) generated by divid¬ 
ing the oscillator frequency by two. Therefore, at the 
maximum oscillator frequency of 12 MHz, the internal 
system clock Is 6 MHz. The minimum instruction exe¬ 
cution time for an instruction fetched from internal 
ROM is 333 ns (500 ns when fetched from external 
memory). 

Memory Space 

The pPD78218A family has a 1M byte address space 
(see figure 1). The first 64K bytes of this address space 
(OOOOOH-OFFFFH) can be used as both program and 
data memory. The remaining 960K bytes of this address 
space (10000H-FFFFFH) can only be used as data 
memory and is known as expanded memory. 

External Memory 

The )[iPD78218A family has an 8 -bit wide external data 
bus and a 16-bit wide external address bus ( 20 -bit wide 
if expanded memory is enabled). The low-order 8 bits 
of the address bus are multiplexed to provide the 8 -bit 
data bus and are supplied by I/O port 4. The high-order 
address bits of the 16-bit address bus are taken from 
port 5. If expanded memory is enabled, the expanded 
address nibble is provided by P 6 oto P 63 . Address latch, 
read, and write strobes are also provided. 

The memory expansion mode register (MM) is used to 
enable external memory, to spe cify u p to two addi¬ 
tional wait states or the use of the WAIT input pin for the 
first 64K bytes of memory, and to enable the high-speed 
internal ROM fetch. Ports 4, 5, and 6 are available as 
general purpose I/O ports when only Internal ROM is 
used and no external program or data space is re¬ 
quired. 
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Figure /. Memory Map 


OOOOOH 


07FFFH 

08000H 


OFAFFH 

OFBOOH 


OFFFFH 

10000H 


On-ChIp 

Program Memory 
32,768 Bytes 

(Must be external 
memory 
In HPD78217A) 


External Memory 


On-ChIp RAM 
arKJ 

Register Area 


External 

Memory 

(Expanded 

Address 

Area) 


OOOOOH 

0003FH 

00040H 

0007FH 

00080H 

007FFH 

00800H 


OOFFFH 

01000H 


Interrupt Vector 
Address Table Area 


CALLT Table Area 


Program Area 


CALLF Entry 
Area 


Program Area 


General RAM 



saddr Addressing 


General Registers 
32 Bytes of SFR Area 


Expanded Data Memory 

The MM register is also used to enable the external 
expanded data memory space, addresses 10000H to 
FFFFFH. When the expanded data memory Is enabled, 
the entire 1M byte address space Is divided Into 16 
banks of 64K bytes each. The low-order 4-bits of the P 6 
or the PM 6 registers are used as bank selection regis¬ 
ters to supply the address information to A^e to A 19 . 
Data can easily be transferred from one memory bank 
to another by using the appropriate instructions. Ad¬ 
dress lines Ai 6 to A 19 are only active when an Instruc¬ 
tion that uses expanded addressing is being executed. 
A programmable wait control register (PW) allows the 
programmer to sp ecify u p to two additional wait states 
or the use of the WAIT input pin for expanded data 
memory space. 

On-Chip RAM 

The /iPD78218A family has a total of 1024 bytes of 
on-chip RAM. The upper 256-byte area (FEOOH-FEFFH) 
features high-speed access and is known as “Internal 
RAM.” The remaining 768 bytes (FBOOH-FDFFH ) are 
accessed at the same speed as external memory and 
are known as “Peripheral RAM.” The general register 


banks and the macro service control words are stored 
In Internal RAM. The remainder of Internal RAM and any 
unused register bank locations are available for gen¬ 
eral storage. 

On-ChIp Program Memory 

The jLiPD78218A contains 32K bytes of internal ROM 
respectively. ThejuPD78P218A contains32K bytes of UV 
EPROM or one-time programmable ROM. Instructions 
from on-chip program memory can be fetched at high 
speed or at the same rate as from external memory. 
The )l/PD 78217A does not have on-chip program mem¬ 
ory. 

CPU Control Registers 

Program Counter. The program counter is a 16-bit 
binary counter register that holds the address of the 
next instruction to be executed. During reset, the 
program counter is loaded with the address stored in 
locations OOOOH and 00001H. 

Stack Pointer. The stack pointer Is a 16-bit register 
that holds the address of the last item pushed onto the 


4b 
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Stack. It is decremented before new data is pushed 
onto the stack and incremented after data is popped 
off the stack. 

Program Status Word. The program status word 
(PSW) is an 8-bit register that contains flags that are 
set or reset depending on the results of an Instruction. 
This register can be written to or read from 8 bits at a 
time. The individual flags can also be manipulated on a 
bit-by-bit basis. The assignment of PSW bits follows. 


7 0 


IE 

Z 

RBSI 

AC 

RBSO 

0 

ISP 

CY 


CY Carry flag 

ISP Interrupt priority status flag 

RBSO, RBS1 Register bank selection flags 
AC Auxiliary carry flag 

Z Zero flag 

IE Interrupt request enable flag 

General Registers 

The general-purpose registers (figure 2) consist of four 
banks of registers located at addresses FEEOH to 
FEFFH in Internal RAM. Each bank consists of eight 
8 -bit general registers that can also be used in pairs to 
function as four 16-bit registers. Two bits in the PSW 
(RBSO and RBS1) specify which of the register banks is 
active. The bits are set under program control. Regis¬ 
ters have both functional names (like A, X, B, C for 8-blt 
registers and AX, BC for 16-bit registers) and absolute 
names (like R1, RO, R3, R2 for 8-bit registers and RPO, 
RP1 for 16-bit registers). Each Instruction determines 
whether a register is referred to by its functional or 
absolute name and whether it is 8 or 16 bits. 


Addressing 

The juPD78218A family features 1-byte addressing of 
both the special function registers and the portion of 
on-chip RAM from FE20H to FEFFH. The 1-byte sfr 
addressing accesses the entire SFR area, while the 
1-byte saddr addressing accesses the first 32 bytes of 
the SFR area and 224 bytes of Internal RAM. The 16-blt 
SFRs and words of memory In these areas can be 
addressed by 1-byte saddrp addressing, which is valid 
for even addresses only. Since many Instructions use 
1 -byte addressing, access to these locations is almost 
as fast and versatile as access to the general registers. 
There are seven addressing modes for data in main 
memory: direct, register, register indirect with autoin¬ 
crement and decrement, saddr, SFR, based, and in¬ 
dexed. There are also both 8-bit and 16-bit immediate 
operands. 

Special Function Registers 

The input/output ports, timers, capture and compare 
registers, and mode and control registers for both the 
peripherals and the CPU are collectively known as 
special function registers. They are all memory- 
mapped between FFOOH and FFFFH and can be ac¬ 
cessed either by main memory addressing or by 1-byte 
sfr addressing. They are either 8 or 16 bits as required, 
and many of the 8-bit registers are capable of single-bit 
access as well. Locations FFDOH through FFDFH are 
known as the external SFR area Registers in external 
circuitry interfaced and mapped to these addresses 
can be addressed with sfr addressing. Table 2 is a list of 
the special function registers. 


Figure 2. General Registers 
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Table 2. Special Function Registers 

Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

OFFOOH 

Porto 

PO 

R/W 

X 

X 

— 

Undefined 

0FF02H 

Port 2 

P2 

R 

X 

X 

— 

Undefined 

0FF03H 

Port 3 

P3 

R/W 

X 

X 

— 

Undefined 

0FF04H 

Port 4 

P4 

R/W 

X 

X 

— 

Undefined 

0FF05H 

Port 5 

P5 

R/W 

X 

X 

— 

Undefined 

0FF06H 

Port 6 

P6 

R/W 

X 

X 

— 

xOH 

0FF07H 

Port 7 

P7 

R 

X 

X 

— 

Undefined 

OFFOAH 

Port 0 buffer register (low) 

POL 

R/W 

X 

X 

— 

Undefined 

OFFOBH 

Port 0 buffer register (high) 

POH 

R/W 

X 

X 

— 

Undefined 

OFFOCH 

Real-time output port control register 

RTPC 

R/W 

X 

X 

- 

OOH 

0FF10H-0FF11H 

16-bit compare register 0 (16-bit timer 0) 

CROO 

R/W 

— 

— 

X 

Undefined 

0FF12H-0FF13H 

16-bit compare register (16-bit timer 0) 

CR01 

R/W 

— 

— 

X 

Undefined 

0FF14H 

8 -bit compare register (8-bit timer 1) 

CR10 

R/W 

— 

X 

— 

Undefined 

OFFISH 

8 -bit compare register (8-bit timer/counter 2) 

CR20 

R/W 

— 

X 

— 

Undefined 

0FF16H 

8 -bit compare register (8-bit timer/counter 2) 

CR21 

R/W 

— 

X 

— 

Undefined 

0FF17H 

8 -bit compare register (8-bit timer 3) 

CR30 

R/W 

— 

X 

— 

Undefined 

0FF18H-0FF19H 

16-bit capture register (16-bit timer 0) 

CR02 

R 

— 

— 

X 

Undefined 

OFFIAH 

8 -bit capture register (8-bit timer/counter 2) 

CR22 

R 

— 

X 

— 

Undefined 

0FF1CH 

8 -bit capture/compare register (8-bit timer 1) 

CR11 

R/W 

— 

X 

— 

Undefined 

0FF20H 

Port 0 mode register 

PMO 

W 

— 

X 

— 

FFH 

0FF23H 

Port 3 mode register 

PM3 

W 

— 

X 

- 

FFH 

0FF25H 

Port 5 mode register 

PM5 

W 

— 

X 

- 

FFH 

0FF26H 

Port 6 mode register 

PM6 

R/W 

X 

X 

- 

FxH 

0FF30H 

Capture/compare control register 0 

CRCO 

W 

— 

X 

— 

10H 

0FF31H 

Timer output control register 

TOC 

W 

— 

X 

- 

OOH 

0FF32H 

Capture/compare control register 1 

CRC1 

W 

- 

X 

- 

OOH 

0FF34H 

Capture/compare control register 2 

CRC2 

W 

— 

X 

— 

OOH 

0FF40H 

Pullup resistor option register 

PUO 

R/W 

X 

X 

— 

OOH 

0FF43H 

Port 3 mode control register 

PMC3 

RAV 

X 

X 

- 

OOH 

0FF50H-0FF51H 

16-bit timer register 0 

TMO 

R 

— 

— 

X 

OOOOH 

OFF52H 

8 -bit timer register 1 

TM1 

R 

— 

X 

— 

OOH 

0FF54H 

8 -bit timer register 2 

TM2 

R 

— 

X 

— 

OOH 

0FF56H 

8 -bit timer register 3 

TM3 

R 

— 

X 

— 

OOH 

0FF5CH 

Prescaler mode register 0 

PRMO 

W 

— 

X 

- 

OOH 

0FF5DH 

Timer control register 0 

TMCO 

R/W 

_ 

X 

— 

OOH 

0FF5EH 

Prescaler mode register 1 

PRM1 

W 

— 

X 

— 

OOH 

0FF5FH 

Timer control register 1 

TMC1 

R/W 

— 

X 

— 

OOH 

0FF68H 

A/D converter mode register 

ADM 

R/W 

X 

X 

— 

OOH 

0FF6AH 

A/D conversion result register 

ADCR 

R 

— 

X 

- 

Undefined 

0FF7DH 

One-shot pulse output control register 

OSPC 

R/W 

X 

X 

— 

OOH 
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Table 2. Special Function Registers (cont) _ 

Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

0FF80H 

Clocked serial interface mode register 

CSIM 

R/W 

X 

X 

— 

OOH 

0FF82H 

Serial bus Interface control register 

SBIC 

R/W 

X 

X 

_ 

OOH 

0FF86H 

Serial shift register 

SIO 

R/W 

— 

X 

— 

Undefined 

0FF88H 

Asynchronous serial interface mode register 

ASIM 

R/W 

X 

X 

— 

80H 

0FF8AH 

Asynchronous serial interface status 
register 

AS IS 

R 

X 

X 

— 

OOH 

0FF8CH 

Serial receive buffer: UART 

RxB 

R 

_ 

X 

— 

Undefined 

0FF8EH 

Serial transmit shift register: UART 

TxS 

W 

— 

X 

— 

Undefined 

0FF90H 

Baud rate generator control register 

BRGC 

W 

— 

X 

— 

OOH 

OFFCOH 

Standby control register 

STBC 

R/W 

_ 

X 

— 

OOOOxOOOB 

0FFC4H 

Memory expansion mode register 

MM 

R/W 

X 

X 

— 

20 H 

0FFC5H 

Programmable wait control register 

PW 

R/W 

X 

X 

— 

80 H 

0 FFC6H 

Refresh mode register 

RFM 

R/W 

X 

X 

— 

OOH 

OFFDOH-OFFDFH 

External SFR area 

— 

R/W 

X 

X 

— 

Undefined 

OFFEOH 

Interrupt request flag register L 

IFOL 

R/W 

X 

X 

— 

OOH 

0FFE1H 

Interrupt request flag register H 

IFOH 

R/W 

X 

X 

— 

OOH 

0FFE0H-0FFE1H 

Interrupt request flag register 

IFO 

R/W 

— 

— 

X 

OOOH 

0FFE4H 

Interrupt mask flag register L 

MKOL 

R/W 

X 

X 

— 

FFH 

0FFE5H 

Interrupt mask flag register H 

MKOH 

R/W 

X 

X 

— 

FFH 

0FFE4H-0FFE5H 

Interrupt mask flag register 

MKO 

R/W 

_ 

— 

X 

FFFH 

0FFE8H 

Priority specification flag register L 

PROL 

R/W 

X 

X 

— 

FFH 

0FFE9H 

Priority specification flag register H 

PROH 

R/W 

X 

X 

— 

FFH 

0FFE8H-0FFE9H 

Priority specification flag register 

PRO 

R/W 

— 

— 

X 

FFFH 

OFFECH 

Interrupt service mode specification flag 
register L 

ISMOL 

R/W 

X 

X 

— 

OOH 

OFFEDH 

Interrupt service mode specification flag 
register H 

ISMOH 

R/W 

X 

X 

— 

OOH 

OFFECH-OFFEDH 

Interrupt service mode specification flag 
register 

ISMO 

R/W 

— 

— 

X 

OOOH 

0FFF4H 

External interrupt mode register 0 

INTMO 

R/W 

X 

X 

— 

OOH 

0FFF5H 

External interrupt mode register 1 

INTM1 

R/W 

X 

X 

— 

OOH 

0 FFF8H 

Interrupt status register 

1ST 

R/W 

X 

X 

— 

OOH 
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Figure 3. Pin I/O Circuits 


Typo 2 -A(P 22 -P 27 ) 



Type 2 (P 2 o, Pi .RESET) 



Schmitt trigger Input with hysteresis characteristic. 


Type 5 -A (P 3 o, P 3 i, P34- P37, P 4 , P 5 , P64, P65) 


Schmitt trigger Input with hysteresis characteristic. 

Type 4 (PO, P60 - P63, ASTB) 




Push-pull output where the output can be placed In 
hIgh-Impedance (both P and N channels are turned off). 

Type8-A{P32) 


output disable 





I Type11(P6e-P67) 


'^REF (Threshold Voltage) 


Type10-A(P33) 


open drain 
output disable 




'^REF (Threshold Voltage) 


Input enable ■ 
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Input/Output Ports 

There are up to 54 port lines on the pPD78218A/P218A 
and up to 36 port lines on the /iPD78217A. (Ports 4, 5, 
and two bits of port 6 are not available on the 
/iPD78217A since the /iPD78217A must always use 
external memory.) Table 3 lists the features of each 
port and figure 3 shows the structure of each port pin. 
The pin levels of all port 2, 3, and 7 pins can always be 
read or tested regardless of the dual pin function. 

Real-time Output Port 

The real-time output port (RTPC) shares pins with port 
0. It can be used as two independent 4-bit real-time 
output ports or one 8-bit real-time output port. In the 


real-time output mode, data stored beforehand in the 
buffer registers, POH and POL, is transferred immedi¬ 
ately to the output latch of PO on the occurrence of a 
timer 1 interrupt (INTC10 or INTC11) or external inter¬ 
rupt (INTPO) (see figure 4). By using the real-time 
output port with the macro service function, port 0 can 
be used to output preprogrammed patterns at prepro¬ 
grammed variable time Intervals. In this mode, two 
Independent stepper motors can accurately be driven 
at a fixed or variable rate. 


Tables. 

Digital Port Functions 




Port 

Operational Features 

Configuration 

Direct Drive 
Capability 

Software Pullup 

Resistor Connection 

Port 0 

8 -bit high impedance output 


Transistor 


Port 2 

8 -bit Schmitt trigger input 



In 6 -bit units (P 22 - P 27 ) 

Port 3 

8 -bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 4 

8 -bit input or output 

Byte selectable 

LED 

Byte selectable 

Ports 

8 -bit input or output 

Byte selectable 

LED 

Byte selectable, input bits only 

Port 6 

4-bit output (bits 0 to 3) 

4-bit input or output (bits 4 to 7) 

Bit selectable 


In 4-bit unit, input bits only 

Port 7 

6 -bit input 





Note: Software pullup resistors can be internally connected only on 
a port-by-port basis to port bits set to input mode. Pullup 
resistors are not connected to port bits set to output mode. 
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Analog-to-Digital (A/D) Converter 

The/iPD78218A family A/D converter (see figure 5) uses 
the successive-approximation method for converting 
up to eight multiplexed analog Inputs into 8-blt digital 
data The conversion time per input Is 30ps at 12 MHz 
operation. A/D conversion can be started by an exter¬ 
nal interrupt, INTP5, or under software control. 

The A/D converter can operate in either scan mode or 
select mode. In scan mode, from one to eight sequen¬ 
tial inputs can be programmed for conversion. The A/D 
converter selects each input In order, converts the 
data, stores it in the A/D conversion result (ADCR) 


register, and generates an interrupt (INTAD). This con¬ 
verted data can be easily transferred to memory by 
using the macro service function. 

In select mode, only one of the eight A/D inputs can be 
selected for conversion. The ADCR register is continu¬ 
ally updated and can be read at any time. If the A/D 
converter is started by an external interrupt, an INTAD 
interrupt occurs at the completion of each conversion. 
If the A/D converter is started by software, no inter¬ 
rupts are generated. 


Figure 5 . A/D Converter 
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Serial Interface 

The /iPD78218A family has two independent serial in¬ 
terfaces. The first is a standard UART The DART (figure 
6) permits full-duplex operation and can be pro¬ 
grammed for 7- or 8-bits of data after the start bit, 
followed by one or two stop bits. Odd, even, zero or no 
parity can also be selected. The serial clock for the 
UART can be provided by an on-chip baud rate gener¬ 
ator or timer 3. By using either the internal system 
clock or an external clock Input into the ASCK pin, the 
baud rate generator is capable of generating all of the 
commonly used baud rates. The UART generates three 
interrupts: INTST (transmission complete), INTSR (re¬ 
ception complete), and INTSER (reception error). 


The second interface is an 8-bit clock-synchronized 
serial interface (figure 7). It can be operated in either a 
three-wire serial I/O mode or NEC serial bus interface 
(SBI) mode. 

In the three-wire serial I/O mode, the 8-bit shift register 
(SIO) is loaded with a byte of data and eight clock 
pulses are generated. These eight pulses shift the byte 
of data out of the SO line (MSB first) and In from the SI 
line providing full-duplex operation. This interface can 
also be set to receive or to transmit data only. The 
INTCSI interrupt is generated after each 8-bit transfer. 
One of three internal clocks or an external clock clocks 
the data. 


Figure 6. Asynchronous Serial interface 
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Figure 7. Clock-Synchronized Serial In 
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Figure 8. SB! Mode Master/Slave Configuration 



The NEC SBI mode is a two-wire high-speed proprietary 
serial interface available on most devices in the NEC 
/iPD75xxx and /iPD78xxx product lines. Devices are 
connected in a master/slave configuration (see figure 
8). There is only one master device at a time; all others 


are slaves. The master sends addresses, commands, 
and data over the serial bus line (SBO) usi ng a fixed 
hardware protocol synchronized with the SCK line. 
Each slave ^PD78218A family device can be pro¬ 
grammed In software to respond to any one of 256 
addresses. There are also 256 commands and 256 data 
types. Since all commands are user definable, any 
software protocol, simple or complex, can be defined. 
It Is even possible to develop commands to change a 
slave Into a master and the previous master into a 
slave. 

Timers 

The /iPD78218A family has one 16-bit timer and three 
8-bit timers. The 16-bit timer counts the internal system 
clock (fcLK/8) while the three 8-blt timers can be pro¬ 
grammed to count a number of prescaled values of the 
Internal system clock. One of the 8-bit timers can also 
count external events. 

Timer 0 consists of a 16-bit timer (TMO), two 16-bit 
compare registers (CROO and CR01), and a 16-blt cap¬ 
ture register (CR02). Timer 0 can be used as two 
Interval timers, to output a programmable square wave 
or two pulse-width modulated signals, to measure pulse 
widths, or to generate a software-triggered one-shot 
output pulse (see figure 9). 


Figure 9. IB-Bit Timer 0 
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Timer 1 consists of an 8-bit timer (TM1), 8-bit compare 
register (CR10), and 8-bit capture/compare register 
(CR11). Timer 1 can be used as two interval timers or to 
measure pulse widths. In addition, it can be used to 
generate the output trigger for the real-time output port 
(see figure 10). 

Timer/counter 2 consists of an 8-bit timer (TM2), two 
8-bit compare registers (CR20 and CR21), and an 8-bit 
capture register (CR22). Timer/counter 2 can also be 


used as two interval timers, to output a programmable 
square wave or two pulse-width modulated signals, or 
to measure pulse widths. In addition, it can be used to 
count external events sensed on the Cl line or as a 
one-shot timer (see figure 11). 

Timer 3 consists of an 8-bit timer (TM3) and an 8-bit 
compare register (CR30). Timer 3 can be used as an 
interval timer or as a clock for the clock-synchronized 
serial interface (see figure 12). 


Figure 10. 8-Bit Timer 1 



Figure 11. 8-Bit Timer/Counter 2 
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Figure 12. 8-Bit Timer 3 



Interrupts 

The^PD78218A family has 18 maskable hardware inter¬ 
rupt sources; 6 are external and 12 are internal. Since 
there are only 16 interrupt vectors and sets of control 
flags, 2 of the 6 external maskable interrupts, INTP4 


and INTP5, share interrupt vectors and control flags 
with INTC30 and INTAD respectively. The active inter¬ 
rupt source for each shared vector must be chosen by 
the program. In addition, there is one nonmaskable 
interrupt and one software interrupt. The software 
interrupt, generated by the BRK instruction, is not 
maskable (see table 4). 


Tabie 4. interrupt Sources and Vector Addresses 


Interrupt 

Request 

Type 

Default 

Priority 

Interrupt Request Generation Source 

Macro Service 
Type 

Vector 

Table 

Address 

Software 

None 

BRK instruction execution 

— 

003EH 

Nonmaskable 

None 

NMI (pin input edge detection) 

— 

0002H 

Maskable 

0 

INTPO (pin input edge detection) 

A. B 

0006H 


1 

INTP1 (pin input edge detection) 

A, B 

0008H 


2 

INTP2 (pin input edge detection) 

A, B 

OOOAH 


3 

INTP3 (pin input edge detection) 

B 

OOOCH 


4 

INTCOO (TMO-CROO coincidence signal generation) 

B 

0014H 


5 

INTC01 (TM0-CR01 coincidence signal generation) 

B 

0016H 


6 

INTC10 (TM1-CR10 coincidence signal generation) 

A, B, C 

0018H 


7 

INTC11 (TM1-CR11 coincidence signal generation) 

A, B, C 

001 AH 


8 

INTC21 (TM2-CR21 coincidence signal generation) 

A, B 

001 CH 


9 

INTP4 (pin input edge detection) 

B 

OOOEH 



INTC30 (TM3-CR30 coincidence signal generation) 

A, B 



10 

INTP5 (pin input edge detection) 

B 

0010H 



INTAD (end of A/D conversion) 

A, B 



11 

INTC20 (TM2-CR20 coincidence signal generation) 

A, B 

0012H 


12 

INTSER (generation of asynchronous serial interface receive error) 

— 

0020H 


13 

INTSR (end of asynchronous serial interface reception) 

A, B 

0022H 


14 

INTST (end of asynchronous serial interface transmission) 

A, B 

0024H 


15 

INTCSI (end of clocked serial interface transmission) 

A, B 

0026H 


4b 
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Interrupt Servicing. The /iPD78218A family pro¬ 
vides two levels of programmable hardware priority 
control and two different methods of handling mask¬ 
able Interrupt requests: standard vectoring and macro 
service. The programmer can choose the priority and 
mode of servicing each maskable interrupt by using 
the interrupt control registers. 

interrupt Control Registers. The/L/PD78218A family 
has four 16-bit interrupt control registers. Each bit in 
each register is dedicated to one of the 16 active 
maskable interrupt sources. The interrupt request flag 
register (IFO) contains an Interrupt request flag for each 
interrupt. The interrupt mask register (MKO) Is used to 
enable or disable any interrupt. The Interrupt service 
mode register (ISMO) specifies whether an interrupt Is 
processed by vectoring or macro service. The priority 
flag register (PRO) can be used to specify a high or a low 
priority level for each interrupt. 

Two other 8-bit registers are associated with Interrupt 
processing. The interrupt status register (1ST) Indi¬ 
cates if a nonmaskable Interrupt request on the NMI pin 
is being processed and can be used to allow nesting of 
nonmaskable Interrupt requests. The IE and the ISP bits 
of the program status word are also used to control 
interrupts. If the IE bit is zero, all maskable interrupts, 
but not macro service, are disabled. The IE bit can be 
set or cleared using the El and Dl Instructions, respec¬ 
tively, or by directly writing to the PSW. The IE bit Is 
cleared each time an interrupt is accepted. The ISP bit 
is used by hardware to hold the priority level flag of the 
interrupt being serviced. 

Interrupt Priority. The nonmaskable interrupt (NMI) 
has priority over all other Interrupts. Two hardware 
controlled priority levels are available for the maskable 
Interrupts. Either a high or a low priority level can be 
assigned by software to each of the maskable inter¬ 
rupts. Interrupt requests of a priority higher than the 
processor’s current priority level are accepted; re¬ 
quests of the same or lower priority are held pending 
until the processor’s priority state is lowered by pro¬ 
gram control within the current service routine or by a 
return Instruction from the current service routine. 

Interrupt requests programmed to be handled by 
macro service have priority over all vectored interrupt 
service regardless of the assigned priority level, and 
macro service requests are accepted even when the 
Interrupt enable bit in the PSW is set to the disable state 
(see figure 13). 

The default priorities listed in table 4 are fixed by 
hardware and are effective only when it is necessary to 
choose between two interrupt requests of the same 


software assigned priority. For example, the default 
priorities would be used after the completion of a high 
priority routine, if two interrupts of the same priority 
routine were pending. 

The software interrupt. Initiated by the BRK instruc¬ 
tion, Is executed regardless of the processor’s priority 
level and the state of the IE bit. It does not alter the 
processor’s priority level. 

Figure 13. Interrupt Service Sequence 

Interrupt Request —i— xxMK = 1 (Interrupt Masked) Interrupt Pending. 

'— xxMK = 0 (Unmasked) 

—xxISM = 1 Macro Service. 

—xxISM = 0 Vectored Interrupt Service. 


— Dl Vectored Interrupt Pending. 

— El Vectored Interrupt 

83YL-9181A 


Vectored Interrupt. When vectored interrupt is 
specified for a given interrupt request, (1) the program 
status word and the program counter are saved on the 
stack, (2) the processor’s priority is set to that speci¬ 
fied for the interrupt, (3) the IE bit in the PSW is set to 
zero, and (4) the routine whose address is in the 
interrupt vector table is entered. At the completion of 
the service routine, theRETI instruction (RETB instruc¬ 
tion for the software Interrupt) reverses the process 
and the )l/PD 78218A family device resumes the inter¬ 
rupted routine. 

Macro Service 

When macro service is specified for a given Interrupt, 
the macro service hardware temporarily stops the 
executing program and begins to transfer data be¬ 
tween the special function register area and the mem¬ 
ory space. One byte is transferred each Interrupt. When 
the data transfer is complete, control Is returned to the 
executing program, providing a completely transpar¬ 
ent method of interrupt service. Macro service signifi¬ 
cantly Improves response time and makes It unneces¬ 
sary to save any registers. 

For each request on the Interrupt line, one operation is 
performed, and an 8- or 16-bit counter is decremented. 
When the counter reaches zero, a vectored Interrupt 
service routine Is entered according to the specified 
priority. 
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Macro service is provided for all of the maskable inter¬ 
rupt requests except INTSER, the asynchronous serial 
interface receive error interrupt request. Each interrupt 
request has a dedicated macro service control word 
stored in Internal RAM (see figure 14). The function to 
be performed is specified in the control word. 


Figure 14. Macro Service Controi Word Map 





OFEDFH 

Channel Pointer 

[ INTSR 

OFEDEH 

Mode Register 

OFEDDH 

Channel Pointer 

[ INTST 

OFEDCH 

Mode Register 

OFEDBH 

Channel Pointer 

[ INTCSI 

OFEDAH 

Mode Register 

0FED9H 

Channel Pointer 

[ INTC10 

0FED8H 

Mode Register 

0FED7H 

Channel Pointer 

I INTC11 

OFEDBH 

Mode Register 

OFEDBH 

Channel Pointer 

[ INTP4/INTC30 

0FED4H 

Mode Register 

0FED3H 

Channel Pointer 

[ INTPB^INTAD 

0FED2H 

Mode Register 

0FED1H 

Channel Pointer 

[ INTCOO 

OFEDOH 

Mode Register 

OFECFH 

Channel Pointer 

I INTC01 

OFECEH 

Mode Register 

OFECDH 

Channel Pointer 

[ INTC20 

OFECCH 

Mode Register 

OFECBH 

Channel Pointer 

[ INTC21 

OFECAH 

Mode Register 

0FEC9H 

Channel Pointer 

[ INTPO 

OFECBH 

Mode Register 

0FEC7H 

Channel Pointer 

[ INTP1 

OFECBH 

Mode Register 

OFECBH 

Channel Pointer 

[ INTP2 

0FEC4H 

Mode Register 

OFECBH 

Channel Pointer 

[ INTP3 

0FEC2H 

Mode Register 
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The jL/PD78218A family provides three different types of 
macro service transfers: 

Macro Service Type A. A byte of data is transferred 
in either direction between a special function register, 
preassigned for each interrupt request, and a buffer in 
Internal RAM (FExx). Only the 8-bit macro service 
counter is available for Type A transfers. The preas¬ 
signed SFRs for the 12 interrupt requests that support 
macro service Type A transfers are listed in table 5. 


Tabie 5. Macro Service Type A interrupts and 
_ Assigned SFRs _ 


Interrupt Request 

Source/Destination SFR 

INTC10: TM1-CR10 coincidence 

CR10: Timer 1 8 -bit compare 
register 

INTC11: TM1-CR11 coincidence 

CR11: Timer 1 8 -bit capture/ 
compare register 

INTC20: TM2-CR20 coincidence 

CR20: Timer 2 8 -bit compare 
register 

INTC21: TM2-CR21 coincidence 

CR21: Timer 2 8 -bit compare 
register 

INTC30; TM3-CR30 coincidence 

CR30: Timer 3 8 -bit compare 
register 

INTSR: End of asynchronous serial 
interface reception 

RxB: Serial receive buffer 

INTST; End of asynchronous serial 
interface transmission 

TxS: Serial transmit shift 
register 

INTCSI: End of clocked serial 
interface transmission 

SIO: Serial shift register 

INTAD: End of A/D conversion 

ADCR: A/D conversion result 
register 

INTPO: External interrupt pin PO^ 

CR11: Timer 1 8 -bit capture/ 
compare register 

INTP1: External interrupt pin PO 2 

CR22: Timer 2 8 -bit capture 
register 

INTP2: External interrupt pin PO 3 

TM2: Timer 2 8 -bit timer 
register 


Macro Service Type B. A byte of data is transferred 
in either direction between any specified special func¬ 
tion register and a buffer anywhere in the 64K byte 
address space. The macro service counter can be 
programmed either to be an 8- or 16-bit counter. Macro 
service Type B transfers can be initiated by any mask¬ 
able Interrupt except INTSER. 

Macro Service Type C. A byte of data is transferred 
from a buffer anywhere In the 64K byte address space to 
one of the 8-bit compare registers of timer 1. At the 
same time, a second byte of data is transferred from a 
buffer anywhere in the 64K byte address space to the 
real-time output port buffer. The macro service counter 
can be programmed either to be an 8- or 16-bit counter. 
Macro service Type C transfers can be initiated by 
INTC10 with data transferred to CR10 and POL or POH, 
or by INTC11 with data transferred to CR11 and POL or 
POH. 

In addition, the macro service Type C transfer can be 
Initialized to automatically alter timer compare regis¬ 
ter values or to repeatedly output a prespecified pat¬ 
tern at a fixed or variable rate. By using macro service 
Type C transfers to control the real-time output ports, 
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the )l/PD 78218A family can easily and accurately drive 
two independent stepper motors. 

Refresh 

The refresh signal is used with any pseudostatic RAM 
equivalent of the NEC /iPD42812a The refresh cycle can 
be set to one of four Intervals: 16, 32, 64, or 128/fcLK 
(2.6, 5.3,10.7, and 21.3 /js at 12 MHz). The refresh cycle 
Is timed to follow a read or write operation to avoid 
Interference with external memory access cycles. 

Standby Modes 

HALT and STOP modes are provided to reduce power 
consumption when CPU action is not required. In HALT 
mode, the CPU Is stopped but the system clock con¬ 
tinues to run. The HALT mode Is released by any 
unmasked interrupt, an external NMI, or an external 
reset pulse. In STOP mode, both the CPU and the 
system clock are stopped, further minimizing the 
power consumption. The STOP mode is released by 
either an external reset pulse or an external NMI. The 


HALT and STOP modes are entered by programming 
the standby control register (STBC). This register is a 
protected location and can be written to only by a 
special instruction. If the third and fourth bytes of the 
instruction are not complements of each other, the 
data is not written and the next Instruction is exe¬ 
cuted. 

External Reset 

The /iPD7 8218A f amily is reset by taking the RESET pin 
low. The RESET input pin contains a noise filter to 
protect against spuriou s syste m resets caused by 
noise. On power-up, the RESET pin must remain low 
until the power supply reaches its operating voltage 
and the oscillator has stabilized. During reset the 
program counter is loaded with the address contained 
in the reset vector table (address OOOOH, 0001 H); pro- 
gram execution starts at that address upon the RESET 
pin going high. While RESET is low, all external lines 
except Vss. Vdd. AVss, AVref, XI, and X2 are in the high 
Impedance state. 
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ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings 

Ta= +25°C 

Operating Conditions 

Oscillation 

Frequency, fxx Ta Vdd 

4 to 12 MHz -40 to +85°C +5 V ±10% (pPD78217A/218A): 

+ 5V ±0.3 V (UPD78P218A) 

Operating voltage, Vqq 

AVref 

AVss 

-0.5 to +7.0V 
-0.5 to Vdd +0.5V 
-0.5 to + 0.5 V 

Capacitance 

Ta = +25°C:Vdd 

II 

< 

CO 

CO 

II 

ov 

Input voltage, V|i 

V |2 (Note 1) 

V |3 (Note 2 for/;PD78P218A) 

-0.5 to Vdd + 0-5 V 
-0.5 to AVref + 0-5 V 
-0.5 to +13.5 V 

Item 


Symbol Max Unit Conditions 

Output voltage, Vq 

-0.5 to Vdd +0.5V 

Input capacitance 


C| 

20 pF f = 1 MHz; 

Low-level output current, Iql 
per pin 

total, all output pins 

15 mA 

100 mA 

Output capacitance 

Co 

„ pins not used 

20 PF L 

Input/output 

capacitance 


C |0 

20 pF measurement 

are at 0 V 

High-level output current, Iqh 

per pin -10 mA 

total, all output pins -50 mA 

Operating temperature, Tqpt -40 to +85°C 

Storage temperature, Tstg -65 to +150°C 

Notes: 

(1) Pins P7o/ANO - P 75 /AN 5 , PSe/WAIT/ANS, and P 67 /REFRQ/AN 7 

when used as the A/D converter input pins. However, the abso¬ 
lute maximum rating of must also be satisfied. 

(2) P2o/NMI, EA/Vpp, and P 21 /INTPO/A 9 pins in the PROM program¬ 
ming mode 

Exposure to absolute maximum ratings for extended periods may 

affect device reliability: exceeding the ratings could cause perma¬ 
nent damage. The device should be operated within the limits 

specified under DC and AC characteristics. 

DC Characteristics 

Ta = -40 to -l-85°C; Vss = OV; Vdq = +5V ± 10 % (Vqd = +5V ± 0 .: 

3 V for /iPD78P218A) 



Item Symbol 

Min Typ 

Max 

Unit 


Conditions 

Low-level input voltage V|l 

0 

0.8 

V 



High-level input voltage Viri 

2.2 

Vdd 

V 


Except the specified pins (Notes 1,2) 

V|H 2 

2.2 

AVref 

V 


Specified pins (Note 1) 

V|H3 

0.8 Vdd 

a 

Q 

> 

V 


Specified pins (Note 2) 

Low-level output voltage Vqli 


0.45 

V 


Iql — 2.0 mA 

VoL 2 


1.0 

V 


Iql = 8.0 mA (Note 3) 

High-level output voltage Vom 

p 

1 

Q 

Q 

> 


V 


Iqh = -■>•0 rnA 

VoH 2 

Vdd-0'5 


V 


Iqh = -loo a^a 

VoH3 

2.0 


V 


Iqh = -5.0 mA (Note 4) 

XI low-level input current l|L 


-100 

/iA 


OV < Vi < V|L 

X 1 high-level input current I|H 


100 

A/A 


Q 

Q 

> 

VI 

VI 

CO 

X 

> 

Input leakage current Ili 


±10 

jl/A 


OV < V| < Vdd 

Output leakage current Ilq 


±10 

/iA 


ov < Vq ^ Vdd 

AVref current AIref 

1.5 

5.0 

mA 


Operating mode, fxx = 12 MHz 

Vqd power supply current Iqdi 

20 

40 

mA 


Operating mode, fxx = 12 MHz 

IdD 2 

7 

20 

mA 


HALT mode, fxx = 12 MHz 


4b 
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DC Characteristics (cont) 


Item 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Data retention voltage 

VdDDR 

2.5 


5.5 

V 

STOP mode 

Data retention current 

•dddr 


2 

20 

fjA 

STOP mode; Vqqqp = 2.5 V 




5 

50 

A/A 

STOP mode; Vdddr = 5V ±10% 

Pullup resistor 

Rl 

15 

40 

80 

kO 

> 

0 

II 


Notes: 

(1) Pins P7o/ANO - P 75 /AN 5 , PSsA^/ANS, and P 67 /REFRQ/AN 7 (3) Pins PVADq - P 47 /AD 7 , and PSq/As - P 57 /A 15 . 

when the pin is used as an A/D converter input pin. PQ^ _ pQ^ 

(2) X1, X2, RESET, P2o/NMI, P2i/INTP0, P 29 /iNTP 1 ,P2.VINTP2/CI. 

P 24 /INTP 3 , P 25 /iNTP 4 /ASCK, P26/INTP5, P 27 /Si, P32/SCK, PSq/ 

SO/SBO, and EA pins. 


AC Characteristics—Read/Write Operation 


Ta = -40 to +85°C: Vss = 0 V; fxx = 

12 MHz; Cl = 

100 pF; Vdd = +5V ±10% (Vdd 

= +5V 

± 0.3 V for iuPD78P218A) 

Item 

Symbol 

Calculation Formula ( 2 , 3) 

Min 

Max 

Unit 

Conditions 

XI input clock cycle time 

^CYX 

— 

82 

250 

ns 


Address setup time to ASTB 1 

^SAST 

0 

CO 

1 

1 

52 


ns 


Address hold time from ASTB 4 (Note 1 ) 

^HSTA 

— 

25 


ns 


Address hold time from RDt 

^HRA 

— 

30 


ns 


Address hold time from WR t 

^HWA 

— 

30 


ns 


Address to RD i delay time 

^DAR 

2 tcYX - 35 

129 


ns 


Address float time to RD i 

Var 

tCYX/2 - 30 

11 


ns 


Address to data input time 

^AID 

(4-f2n) tcYX “ ^03 


228 

ns 

No wait states 

ASTB i to data input time 

^DSTID 

(3-F2n)tcYX“55 


181 

ns 

No wait states 

RD i to data input time 

^RID 

(2+2n)tcYX-64 


100 

ns 

No wait states 

ASTB 1 to RD 1 delay time 

^DSTR 

^CYX - 30 

52 


ns 


Data hold time from RD t 

^HRID 

— 

0 


ns 


RD t to address active time 

^DRA 

2 tcYX - 40 

124 


ns 


RD t to ASTB t delay time 

^DRST 

2 tcYX - 40 

124 


ns 


RD low-level width 

%RL 

(2+2n)tcYX-40 

124 


ns 

No wait states 

ASTB high-level width 

%STH 

tcYX - 30 

52 


ns 


Address to WR A delay time 

^DAW 

2 tcYX - 35 

129 


ns 


ASTB i to data output time 

^DSTOD 

tcYX + 50 


142 

ns 


WR i to data output time 

^DWOD 

— 


60 

ns 


ASTB i to WR i delay time 

^DSTWI 

tcYX - 30 

52 


ns 



^DSTW2 

2 tcYX - 35 

129 


ns 

Refresh mode 

Data setup time to WR t 

tSODWR 

(3-F2n)tcYX-100 

146 


ns 

No wait states 

Data setup time to WR i 

%ODWF 

tcYX - 60 

22 


ns 

Refresh mode 

Data hold time from WR t (Note 1 ) 

^HWOD 

— 

20 


ns 


WR t to ASTB t delay time 

tpWST 

1 

0 

42 


ns 


WR low-level width 

%WL 1 

(3-f-2n)tQYX“50 

196 


ns 

No wait states 


twWL 2 

(2+2n)tcYX-50 

114 


ns 

Refresh mode; No wait 
states 

Address to WAIT i input time 

tDAWT 

3tcYX ~ 100 


146 

ns 
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AC Characteristics- 

■Read/Write Operation (cont) 





Item 

Symbol 

Calculation Formula (2, 3) 

Min 

Max 

Unit 

Conditions 

ASTB i to WAIT i input time 

^DSTWT 

2tcYX - 80 


84 

ns 


mjf hold time from ASTB i 

^HSTWT 

2XtQYX +10 

174 


ns 

One external wait state 

ASTB i to WAIT t delay time 

fDSTWTH 

2(1 + X)tcYX-55 


273 

ns 

One external wait state 

RD i to WAIT i input time 

^DRWTL 

tcYX - 80 


22 

ns 


hold time from m i 

^HRWT 

(2X- 1)tcYX + 8 

87 


ns 

One external wait state 

RD 4 to WAIT t delay time 

<DRWTH 

(2X+1)tcYX-60 


186 

ns 

One external wait state 

WAIT t to data input time 

^DWTID 

tcYX - 20 


62 

ns 


WAIT t to WR t delay time 

^DWTW 

2tcYX -10 

154 


ns 


WAIT t to RD t delay time 

fDWTR 

tcYX - 10 

72 


ns 


WR 4 to WAIT input time 

^DWWTL 

tcYX - 80 


22 

ns 

Refresh disabled 

Mir hold time from WR 4 

^HWWT1 

(2X-1)tcYX + 8 

87 


ns 

One external wait state; 
refresh disabled 


^HWWT2 

2(X-1)tQYX + 8 

5 


ns 

One external wait state; 
refresh enabled 

WR 4 to t delay time 

bwWTHI 

(2X+1)tcYX ~ 80 


186 

ns 

One external wait state; 
refresh disabled 


^DWWTH2 

2Xt0YX “ 80 


104 

ns 

One external wait state; 
refresh enabled 

RD t to REFRQ 4 delay time 

^DRRFQ 

2tcYX -10 

154 


ns 


WR t to REFRQ 4 delay time 

fDWRFQ 

tcYX - 10 

72 


ns 


REFRQ low-level width 

fWRFQL 

2tcYX-44 

120 


ns 


REFRQ t to ASTB t delay time fORFQST 

4tcYX-48 

280 


ns 



Notes: 

(1) The hold time includes the time during which Vqh and Vql are (2) n indicates the number of internal wait states. 

retamed|^^nder the following load oonditions; C,. = 100 pF and p, ^ indicates the number of external wait states (1, 2. 3, ...) 


Serial Port Operation 

Ta = -40 to +85°C; Vss = 0 V; fxx = 

12 MHz; Cl = 

100 pF; Vdd = 

+ 5V ±10% (Vdd = +5 V ±0.3 V for/jPD78P218A) 

Item 

Symbol 

Min 

Max Unit 

Conditions 

Serial clock cycle time 

ICYSK 

1.0 

fJS 

External clock input 



1.3 

fJS 

Internal clock/16 output 



5.3 

^s 

Internal clock/64 output 

Serial clock low-level width 

IWSKL 

420 

ns 

External clock Input 



556 

ns 

Internal clock/16 output 



2.5 

fJS 

Internal clock/64 output 

Serial clock high-level width 

IWSKH 

420 

ns 

External clock input 



556 

ns 

Internal clock/16 output 



2.5 

/ys 

Internal clock/64 output 

SI, SBO setup time to SCK t 

fsSSK 

150 

ns 


SI, SBO hold time from SCK t 

Ihssk 

400 

ns 



4b 
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Serial Port Operation (cont) 

item 

Symboi 


Min 

Max 


Unit 

Conditions 

SO/S BO output delay time from 

SCKi 

tOSBSKI 


0 

300 


ns 

CMOS push-pull output 
(3-line serial I/O mode) 


tDSBSK2 


0 

800 


ns 

Open-drain output 
(SBI mode), Rl = 1 kO 

SBO high, hold time from SCK t 

^HSBSK 


4 



tcYX 

SBI mode 

SBO low, setup time to SCK 4 

tsSBSK 


4 



tCYX 

SBI mode 

SBO low-level width 

%SBL 


4 



^CYX 


SBO high-level width 

%SBH 


4 



^CYX 


A/D Converter Operation 

Ta = -40 to +85”C; Vss = AVss = 0 V; 

Vdd = +5V 

±10% (Vdd = 

+ 5V ±0.3 V for ^PD78P218A) 


item Symboi 

Min 

Typ 


Max 

Unit 

Conditions 

Resolution 

8 




Bit 



Full-scale error * 




0.4 

% 

AVref = 

4.0 V to Vdd: Ta = -io to + 70°c 





0.8 

% 

AVref = 

3.6 V to Vdd: Ta = -io to -f70°c 





0.8 

% 

AVref = 

4.0 v to Vdd 

Quantization error 




±1/2 

LSB 



Conversion time fcONV 

360 




^CYX 

82 ns < tcYX < ns 

(FR bit of ADM register is 0) 


240 




tCYX 

125 ns < tcYX < 250 ns 
(FR bit of ADM register is 1) 

Sampling time fSAMP 

72 




tCYX 

82 ns < tQYX < 125 ns 
(FR bit of ADM register is 0) 


48 




tCYX 

125 ns < tQYX < 250 ns 
(FR bit of ADM register is 1) 

Analog input voltage Vian 

-0.3 


AVref + 0-3 

V 



Analog input impedance Ran 


1000 



MQ 



Analog reference voltage AVp^p 

3.6 



Vdd 

V 



AVref current AIref 


1.5 


5.0 

mA 

Operating mode, fxx = 12 MHz 



0.2 


1.5 

mA 

STOP mode 


* Quantization errror is not included. Unit is defined as percent of 
full-scale value. 


Interrupt Timing Operation 

Ta = -40 to +85°C: Vss = OV; Vdd = +5V ±10% (Vdd = +5V 
±0.3V forpPD78P218A) 


item 

Symboi Min 

Max Unit Conditions 

NMI low-level width 

<WNIL 

10 

^s 

NMI high-level width 

tWNIH 

10 

/iS 

INTP0-iNTP5 low-level width 

<WITL 

24 

tCYX 

INTP0-INTP5 high-level width twrrH 

24 

'CYX 

RESET low-level width 

tWRSL 

10 

/iS 

RESET high-level width 

tWRSH 

10 

/iS 
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Data Retention Characteristics 

Ta = -40 to +85°C 

Item 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Data retention voltage 

Vdddr 

2.5 


5.5 

V 

STOP mode 

Data retention current 

■dddr 


2 

20 

MA 

VdDDR = 2.5 V 




5 

50 

IjA 

Vdddr = 5 V ±10% 

Vqd rise time 

fRVD 

200 



jUS 


Vqd fall time 

fpVD 

200 



fJS 


Vqd retention time 
(from STOP mode setting) 

fHVD 

0 



ms 


STOP release signal input time 

fOREL 

0 



ms 


Oscillation stabilization wait time 

fWAIT 

30 



ms 

Crystal resonator 



5 



ms 

Ceramic resonator 

Low-level input voltage 

VlL 

0 


0-1 Vdqdr 

V 

Specified pins * 

High-level input voltage 

V|H 

0.9 VddDR 


Vdddr 

V 

Specified pins * 


♦RESET, P2o/NMI, P2i/INTP0, P 22 /INTPI, P 23 /INTP 2 /CI, P 24 /INTP 3 . 
P 25 /INTP 4 ^SCK, P26//ASCK, P26/INTP5, P 27 /SI, P 32 /SCK, P 33 /SO/ 
SBO, and EA pins. 


Recommended Resonator Circuit 



X2 


Ceramic or crystal resonator frequency fxx= 4 to 12 MHz 

External oscillation circuit should be as close to the X1 and 

X2 pins as possible 

Do not place other signal lines in the shaded area 

83YL-918M 

Recommended Ceramic Resonators 
{mPD 78217A/218A only) 

Frequency 

Manufacturer (MHz) Part Number Cl (pF) 

C 2 (pF) 

MurataMfg. 12 CSA12.0MTZ 30 

30 

CST12.0MTW None* 

None* 


*C1 and C 2 are contained in the resonator. 


Recommended Externai dock Circuit 







XI 

X2 


HCMOS 

Inverters 


Clock frequency fxx = 4 to 12 MHz 

In STOP mode, XI is internally shorted to V 33 to prevent 
leakage current. Therefore, STOP mode is not available 
when using this external clock circuit. 

83YL-919QA 

External Clock Operation 



Ta = —40 to +85°C; Vqq 

= +5V ± 

10%: Vss = ov 


item 

Symbol 

Min Max Unit 

Conditions 

X 1 input low-level width 

fWXL 

30 130 ns 


XI input high-level width 

fwXH 

30 130 ns 


XI input rise time 

tXR 

0 30 ns 


X 1 input fall time 

tXF 

0 30 ns 



X1 input clock cycle time tcyx 250 ns 


4b 
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Timing Waveforms 

Voltage Thresholds for AC Timing Measurements 



Read Operation 










Timing Waveforms (cont) 


Write Operation 
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Timing Waveforms (cont) 


External WAIT Signal Input (Read Operation) 
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Timing Waveforms (cont) 
Serial Operation 



4b 
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Timing Waveforms (cont) 

Interrupt Input External Clock 
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ftPD78P218A PROGRAMMING 

In the /JPD78P218A, the mask ROM of pPD78218A is 
replaced by a one-time programmable ROM (OTP ROM) 
or a reprogrammable, ultraviolet erasable ROM (UV 
EPROM). The ROM is 32,768 x 8 bits and can be 
programmed using a general-purpose PROM writer 
with a^PD27C256A programming mode. 

The PA-78P214CW/GC are the socket adaptors used for 
configuring the jl/PD 78P218A to fit a standard PROM 
socket. 

Refer to tables 6 and 7 and figures 15 and 16 for special 
information applicable to PROM programming. 


Table 6. Pin Functions During PROM 
_ Programming _ 


Pin 

Pin* 

Function 

POq - PO 7 

Aq" A 7 

Address input pins for 

PROM operations 

PSq/As 

As 

Address input pin for PROM 
operations 

P2i/INTP0 

Ag 

Address input pin for PROM 
operations 

P 52 /A 10 - P56/A-}4 

A 10 -Ai4 

Address input pins for 

PROM operations 


Table 6. Pin Functions During PROM 
Programming (cont) 


Pin 

Pin* 

Function 

P4o/ADo - P 47 / 

AD 7 

□o - D 7 

Data pins for PROM 
operations 

P 65 /WR 

CE 

Strobes data into the PROM 

P 64 /Rb 

OE 

Enables a data read from 
the PROM 

P2o/NMI 

NMI 

PROM programming mode 
is entered by applying 
+ 12.5 volts to this pin 

RESET 

RESET 

PROM programming mode 
requires applying a low 
voltage to this pin 

EA 

Vpp 

High voltage applied to this 
pin for program write/verify 

Vdd 

Vdd 

Positive power supply pin 

Vss 

Vss 

Ground 


*Pin name in PROM programming mode. 


4b 


Table 7. Summary of Operation Modes for PROM Programming 


Mode 

NMI 

RESET 


OE 

Vpp 

0 

0 

> 

Do - D 7 

Program write 

+12.5 V 

L 

L 

H 

+12.5 V 

+ 6 V 

Data input 

Program verify 

+12.5 V 

L 

H 

L 

+12.5 V 

+ 6 V 

Data output 

Program inhibit 

+12.5 V 

L 

H 

H 

+12.5 V 

+ 6 V 

High Z 

Read out 

+12.5 V 

L 

L 

L 

+ 5V 

+ 5V 

Data output 

Output disable 

+12.5 V 

L 

L 

H 

+ 5V 

+ 5V 

HighZ 

Standby 

+12.5V 

L 

H 

L/H 

+ 5V 

+ 5V 

HighZ 


Note: When +12.5 V is applied to Vpp and +6 V to Vqd, both CE and 
OE cannot be set to low level (L) simultaneously. 
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Figure 15. Pin Functions in jnPD78P218A PROM 
Programming Mode; 64-Pin Piastic and 
Ceramic Shrink DiP, 64-Pin Piastic QUiP 



(XPD78P218ACW 

HPD78P218ADW 



A 3 c 


64 

□ A 2 


A 4 C 

2 

63 

□ Ai 


A 5 C 

3 

62 

□ Aq 


AeC 

4 

61 




A 7 C 

5 

60 


Open 


1 / ^ 

6 

59 

=I 


He 

7 

58 

dJ 



CEC 

8 

57 




OEC 

9 

56 

□ 




10 

55 

□ 



J c 

11 

54 

□ 

- L 



12 

53 

□ 


Ic 

13 

52 

□ 



RESET 11 

14 

51 

□ 



Open C 

15 

50 

3 J 



QC 

16 

49 

13 Vdd 


VssI^ 

17 

48 

□ Vpp 


LC 

18 

47 


L 


Ai4 C 

19 

46 

□ j 



Ai3 C 

Ai2 ^ 

20 

21 

45 

44 


Open 


A 11 C 

22 

43 




A 10 ^ 

23 

42 

□ 



lc 

24 

41 

□ 



As C 

25 

40 

□ 



DyC 

26 

39 

□ 



□s II 

27 

38 

3J 



D5i= 

28 

37 

H Ag 


D 4 C: 

29 

36 

□ P20/NMI 


D 3 c 

30 

35 

H Open 


□2 c 

31 

34 

^ Do 



32 

33 

:]Di 


Notes: 






(1) L: Connect these pins separately to V 33 through 
resistors. 


(2) G: Connect these pins to V 33 . 

(3) Open: EDo not connect these pins. 










83YL-9227A 


PROM Write Procedure 

( 1 ) Set the pins not used for programmi ng as i ndi- 
cated in figures 15 and 16. Connect the RESET pin 
to a low level, the Vqd and Vpp pins to +5 V, and 
apply +12.5 V to the NMI pin. The CE and OE pins 
should be high. 

(2) Apply +6 Vto the VpD pin and +12.5 V to the Vpp 
pin. 


(4) Provide write data. 

(5) Provide 1-ms program pulse (active low) to the CE 
pin. 

( 6 ) This data is now verified with a pulse (active low) to 
the OE pin. If the data has been written, proceed to 
step 8 ; if not, repeat steps 4 to 6 . If the data cannot 
be correctly written after 25 attempts, go to step 7. 

(7) Classify as defective and stop write operation. 

( 8 ) Provide write data and supply program pulse (for 
additional writing) for 3 ms times the number of 
writes performed In step 5. 

(9) Increment the address. 

(10) Repeat steps 4 to 9 until the end address. 

PROM Read Procedure 

( 1 ) Set the pins not used for progra mming as indi¬ 
cated in figures 15 and 16. Fix the RESET pin to a 
low level, the Vqd and Vpp pins to +5 V, and apply 
+12.5 V to the NMI pin. The CE and OE pins should 
be high. 

(2) Input the address of the data to be read to pins 

Ao"Ai4. 

(3) Read mode is entered with a pulse (active low) on 
both the CE and OE pins. 

(4) Data is output to the Do to D 7 Pins. 

EPROM Erasure 

Data in an EPROM is erased by exposing the quartz 
window in the ceramic package to light having a wave¬ 
length shorter than 400 nm, including ultraviolet rays, 
direct sunlight, and fluorescent light. To prevent unin¬ 
tentional erasure, mask the window. 

Typically, data Is erased by 254-nm ultraviolet rays. A 
minimum lighting level of 15 Ws/cm2 (ultraviolet ray 
intensity x exposure time) is required to completely 
erase written data. Erasure by an ultraviolet lamp rated 
at 12 mW/cm2 takes approximately 15 to 20 minutes. 
Remove any filter on the lamp and place the device- 
within 2,5 cm of the lamp tubes. 


(3) Provide the initial address to the Aq to A 14 pins. 
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Figure 16. Pin Functions in /iPD78P218A PROM Programming Mode; 64-Pin Piastic QFP 


4b 


DC Programming Characteristics 


Ta = 25 ±5°C; V|p = 12.5 ±0.5 V applied to NMI pin; Vss = 0 V 


Parameter 

Symbol 

Symbol* 

Min 

Typ 

Max 

Unit 

Condition 

High-level input voltage 

VlH 

V|H 

2.4 


VdDP+ 0-3 

V 


Low-level input voltage 

V|L 

V|L 

-0.3 


0.8 

V 


Input leakage current 

*L(P 

Ili 



10 

/yA 

0 < V| ^ Vddp 

High-level output voltage 

V0HI 

V0HI 

2.4 



V 

loH = -400 ^A 


V0H2 

VoH2 

Vdd-0.7 



V 

Iqh = -100 ;yA 

Low-level output voltage 

VoL 

VoL 



0.45 

V 

Iql = 2.1 mA 

Output leakage current 

>LO 




10 

juA 

0 < Vq s Vqdp, oe = Vm 

NMI pin high-voltage input current 

>IP 




±10 

/yA 


Vddp power voltage 

Vddp 

Vcc 

5.75 

6.0 

6.25 

V 

Program memory write mode 




4.5 

5.0 

5.5 

V 

Program memory read mode 

Vpp power voltage 

Vpp 

Vpp 

12.2 

12.5 

12.8 

V 

Program memory write mode 





Vpp = Vqdp 


V 

Program memory read mode 



Notes: 

(1) L: Connect these pins separately to V33 through 

resistors. 

(2) G: Connect these pins to V33. 

(3) Open: Do not connect these pins. 
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DC Programming Characteristics (cont) 

Parameter 

Symbol 

Symbol* 

Min 

Typ 

Max 

Unit 

Condition 

Vddp power current 

>DDP 

Ice 


5 

30 

mA 

Program memory write mode 





5 

30 

mA 

Program memory read mode 
m = V,L, V, = V,H 

Vpp power current 

Ipp 

Ipp 


5 

30 

mA 

Program memory write mode 
CE = V|L, OE = ViH 





1 

100 

A/A 

Program memory read mode 


*Corresponding symbols of the /jPD27C256A. 


AC Programming Characteristics (Write Mode) 


Ta = 25 ±5°C; V|p = 12.5 ±0.5 V applied to NMI pin; Vss = 

0 V; Vdd = 

6 ±0.25 V; Vpp = 

12.5 ±0.3 V 



Parameter 

Symbol 

Symbol’ 

* Min 

Typ Max 

Unit 

Conditions 

Address setup time to CE i 

tsAC 

tAS 

2 


(JS 


Data input to OE 1 delay time 

tDDOO 

tOES 

2 


IJS 


Input data setup time to CE 1 

tsIDC 

^DS 

2 


IJS 


Address hold time from CE t 

^HCA 

'ah 

2 


Ais 


Input data hold time from CE t 

*HCID 

^DH 

2 


Ais 


Output data hold time from OE t 

^HOOD 

tOF 

0 

130 

ns 


Vpp setup time to CE i 

tsvpc 

Vps 

1 


ms 


Vddp setup time to CE A 

^SVDC 

Ves 

1 


ms 


Initial program pulse width 

tWLI 

tpw 

0.95 

1.0 1.05 

ms 


Additional program pulse width 

VL2 

^OPW 

2.85 

78.75 

ms 


NMI high-voltage input setup time to ^ i 

tspc 


2 


A/s 


OE i to data output time 

boOD 

fOE 


150 

ns 



*Corresponding symbols of the /iPD27C256A. 


AC Programming Characteristics (Read Mode) 

Ta = 25 iS-C; V|p = 12.5 ±0.5 V applied to NMI pin; Vss = 0 V; Vdd =5 ±0.5 V; Vpp = Vddp 


Parameter 

Symbol 

Symbol* 

Min 

Typ 

Max 

Unit 

Condition 

Address to data output time 

^DAOD 

^ACC 



200 

ns 

> 

II 

im 

lo 

II 

ILU 

lo 

CE i to data output time 

tDCOD 

<CE 



200 

ns 

OE = V,L 

OE i to data output time 

^DOOD 

bE 



75 

ns 

II 

lUJ i 

lo 

Data hold time from OE t 

^HCOD 

bF 

0 


60 

ns 

_1 

> 

II 

iUJ 

lo 

Data hold time from address 

'haod 


0 



ns 

II 

|UJ 

lo 

lo 


* Corresponding symbols of the /iPD27C256A. 
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PROM Read Mode 











PPD78224 Family 

l\IEC. (MPD78220/224/P224) 

NEC Electronics Inc. K-Series Microcontrollers 

With Analog Comparators, Real-Time Output Ports 

August 1993 


Description 

The /iPD78220, /iPD78224, and /iPD78P224 are mem¬ 
bers of the K-Series® of microcontrollers. These 8-bit, 
single-chip microcontrollers contain extended ad¬ 
dressing capabilities for up to 1M byte of external 
memory. The devices also integrate sophisticated an¬ 
alog and digital peripherals as well as two low-power 
standby modes that make them Ideal for low-power/ 
battery backup applications. 

The )LiPD78224 family focuses on embedded control 
with features such as hardware multiply and divide, two 
levels of Interrupt response, four banks of main regis¬ 
ters for multitasking, and macro service for processor- 
independent peripheral and memory DMA. Augment¬ 
ing this high-performance core are advanced 
components; for example, eight analog voltage com¬ 
parators, two Independent serial Interfaces, several 
counter/timers for PWM outputs, and a real-time output 
port. On board memory includes 640 bytes of RAM and 
16K bytes of mask ROM or OTP ROM. 

The macro service routi ne allows data to be transferred 
between any combination of memory and peripherals 
independent of the current program execution. The 
four banks of processor registers allow simplified con¬ 
text switching to be performed. Both features, com¬ 
bined with powerful on-chip peripherals, make the 
/iPD78224 family ideal for a wide variety of embedded 
control applications. 

Features 

□ Complete single-chip microcontroller 

— 8-bit ALU 

— 16K ROM 

— 640 bytes RAM 

— Both 1-bit and 8-bit logic 

□ Instruction prefetch queue 

□ Hardware multiply and divide 

□ Memory expansion 

— 8085 bus-compatible 

— 64K program address space 

— 1M data address space 

□ Large I/O capacity: up to 71 I/O port lines 

□ Extensive timer/counter functions 

— One 16-bit tImer/counter/event counter 

— Two 8-bit timer/counter/event counters 

K-Series is a registered trademark of NEC Electronics,Inc. 


□ Four timer-controlled PWM channels 

□ Two 4-bit real-time output ports 

□ Extensive interrupt handler 
—Vectored interrupt handling 
— Programmable priority 

— Macro service mode 

□ Two independent serial ports 

□ Refresh output for pseudostatic RAM 

□ On-chip clock generator 

— 12-MHz maximum CPU clock frequency 

— 0.33-^s instruction cycle 


□ CMOS silicon gate technology 

□ 5-volt power supply 

Ordering Information_ 


Part Number 

ROM Package (Dwg) 

/iPD78220L 

ROMIess 84-pin PLCC | 

;/PD78224L-xxx 

..MX . (P84L-50A3-1) ■ 

16K mask ROM ^ | 

A/PD78P224L 

16K OTP ROM 

/JPD78220GJ-5BG 

ROMIess 94-pin plastic QFP 

/iPD78224GJ-xxx-5BG 

1 (t)y4(ij-bo-6BG-l) 

16K mask ROM ' ' 

/7PD78P224GJ-5BG 

16K OTP ROM 

Pin Identification 

Symbol 

Function 

PO 0 -PO 7 

Output port 0 

PI 0 -PI 7 

I/O port 1 

P2o/NMI 

Input port 2 /Nonmaskable interrupt input 

P2i - P 22 /INTPO - INTP1 

Input port 2/Ext interrupt input/timer trigger 

P 23 /INTP 2 /CI 

Input port 2/Ext interrupt input/Clock input 

P 24 /INTP 3 

Input port 2/Ext interrupt input/timer trigger 

P 25 /INTP 4 

Input port 2/Ext interrupt input 

P26/INTP5 

Input port 2/Ext interrupt input 

P 27 /INTP 6 /SI 

Input port 2/Ext interrupt input/Serial input 

P3o/RxD 

I/O port 3/Serial receive input 

P3i/ TxD 

I/O port 3/Serial transmit output 

P32/S^ 

I/O port 3/Serial clock input/output 

P 33 /SO/SBO 

I/O port 3/Serial output/Serial bus I/O 

P 34 - P 37 /TOO - T03 

I/O port 3/Timer output 

P 40 -P 47 /AD 0 -AD 7 

I/O port 4/Lower address byte/data bus 

P5o-P57/A8-Ai5 

I/O port 5/Upper address byte 
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Pin Identification 


Symbol 

Function 

P 60 - P 63 /A 16 - Ai9 

Output port 6 /Extencled address nibble 

P 64 /RD 

I/O port 6 /Read strobe output 

PSsW 

I/O port 6 /Write strobe output 

P 66 /V^ 

I/O port 6 /Wait input 

P 67 /REFREQ 

I/O port 6 /Rerresh output 

P70-P76 

I/O port 7 

PTO - PT7 

Port T analog inputs to voltage comparators 


Pin Configurations 


Symbol 

Function 

ASTB 

Address strobe output 

RESET 

External reset input 

EA 

External memory access control input 

X1,X2 

External crystal or external clock input 

Vdd 

Positive power supply input 

Vss 

Power return; normallly ground 

NO 

No connection 

IC 

Internal connection; connect to Vss 


84-Pin PLCC 



X 

P74 C 

12 

P75 C 

13 

P76 C 

14 

P 20 /NMI C 

15 

P21/INTP0 C 

16 

P22/INTP1 C 

17 

P 23 /INTP 2 /CI C 

18 

P24/INTP3 C 

19 

P 25 /INTP 4 c 

20 

P26/INTP5 C 

21 

P27/INTP6/SI C 

22 

P3o/RxD C 

23 

P3i/TxD C 

24 

P32/SCK C 

25 

P33/SO/SBO C 

26 

P34/TOO C 

27 

P 35 /TOI c 

28 

P36/T02 C 

29 

P37/T03 C 

30 

PTO C 

31 

PT1 C 

32 


Q 

> a. 


h- <D lO 


<0 CM T” O ^ ^ I” 

^ w ^ o (/3 CO K 

* “ * “ *. Ilu>>< 


CO CM T- O 

h. N N. h. O 
a. o. CL ql z 

.. o -g Q - D ..,n. D n n n n. . n n . n 


W^lQ^Of^COCnOr-CMeOTflOCDNOOCROT-CMCO 

cocOeococococO’«tTt'«tTi-'<t'it'tTt’<t'«i->ou>ioio 

LTD LT"u □"U'D u"'u Lfu n'u"n'''LTT:j'-L:nn'Tr 

CM CO ^ lO p N ih* QCMt- >^lO 

a.Q,Q.a.Q.QLCO> S'^''Q.Q.Q.IlQ,Q.CLCL [r 

LU LU 




P42/AD 2 
P43/AD3 
P44/AD4 
P45/AD5 
P46/AD6 
P47/AD7 
PSq/As 

P5i/A9 

P52/A10 

P53/A11 

P 54 /A 12 

P55/A13 

P 56 /A 14 

P57/A15 

P60/A16 

P61/A17 

P62/A18 

P 63/^9 

P64/^ 

P65/WR 

P6e/WAIT 
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Pin Functions 

POo - PO7. Port 0 is an 8 -bit, tristate output port. Port 0 
can also be configured as two 4-bit, real-time (timer- 
controlled) output ports. 

PI0 - PI7. Port 1 Is an 8 -bit bidirectional tristate port. 
Bits are Individually programmable as Input/output. 
Each pin is capable of driving an LED directly (8 mA). 

P2o - P 27 . Port 2 Is an 8 -blt Input port. 

NMI. Nonmaskable interrupt input. 

INTPO - INTP 6 . External interrupt inputs. INTPO, INTP1, 
and INTP3 are timer capture trigger Inputs. 

Cl. External clock input to the timer. 

SI. Serial data input for three-line serial I/O mode. 

P3o - P 37 . Port 3 Is an 8 -bit trIstate I/O port, each bit 
programmable as input/output. 

RxD. Receive serial data input. 

TxD. Transmit serial data output. 

SCK. Serial shift clock output/input. 

SO. Serial data output for three-line serial I/O mode. 

SBO. I/O bus for the clocked serial interface. 

TOO - T03. Timer flip-flop outputs 

P4o - P 47 . Port 4 is an 8 -bit, bidirectional trIstate port. 

ADo - AD7. Multiplexed address/data bus used with ex¬ 
ternal memory or expanded I/O. 

P5o - P57. Port 5 is an 8 -bit, tristate output port. 

As - A 15 . Upper-order address bus used with external 
memory or expanded I/O. 

P 60 - P63. Pins P 60 - P 63 of port 6 are outputs. 

Ai 6 ‘ A 19 . Extended-order address bus used with ex¬ 
ternal memory. 


P 64 - P 67 . Pins P 64 - P 67 of port 6 are Individually pro¬ 
grammable tristate input/output pins. 

RD. Read strobe output used by external memory (or 
data registers) to place data on the I/O bus during a 
read operation. 

WR. Write strobe output used by external memory (or 
data registers) to latch data from the I/O bus during a 
write operation. 

WAIT. Wait signal input. 

REFRQ. Refresh pulse output used by external pseu¬ 
dostatic memory. 

P7o - PTe. Port 7 has seven Individually programmable 
tristate I/O pins. 

PTO - PT7. Port T is an eight-line input port. The analog 
voltage on each line Is compared continuously with a 
programmable threshold voltage. 

ASTB. Address strobe output used by external cir¬ 
cuitry to latch the low-order 8 address bits during the 
first part of a read or write cycle. 

RESET. A low level on this external reset input sets all 
registers to their specified reset values. This pin, to¬ 
gether with P2o/NMI, sets the ijPD78P224 in the PROM 
programming mode. 

EA. Control signal Input that selects external memory 
or internal ROM as the program memory. When EA is 
low, ROMIess mode is Initiated and external memory is 
accessed. 

X I , X2. For frequency control of the internal clock 
oscillator, a crystal is connected to X1 and X2. If the 
clock is supplied by an external source, the clock signal 
Is connected to X1 and the inverted clock signal is 
connected to X2. 
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Block Diagram 


SFR Address^Data Bus 


P2q/NMI - 

P 21 -P 27 / 

INTPO-INTPe 

P3o/RxD 

P3l/TxD 


P32/SCK ■ 
P2^/SO/SBO • 
P27/INTP6^SI - 

INTP3 
P 34 /TO 0 ■ 
P 35 /TO 1 - 

INTP1 ■ 
INTP2 • 
P36/TP2 ' 
P 37 /TO 3 ' 




Programmable, , 
hterrupt 
Controller 


UART 


Baud Rate 
Generator 


Clocked Serial I/'—\ 
Interface [\— 1 / 




Timer/Counter 
(16 Bit) 




Timer/Counter 

Channel-2 

(PS-«- 8 Bit) 




INTPO 


Tlmer/Counter 
Channel-1 
(PS+ 8 Bit) 


k::> 


a Realtime ■ ^ ^ , 

Output Port \(y{ 

/A QW V 1 y 


poo-POa 
PO4-PO7 I4 611x2) 


PT0-PT7 I ^ Comparators 


Internal Data , ^ ^ , 
Memo7 \Ca 
(384 Bytes) 


c 


2 


Peripheral Bus l/F 


POl ]P1[ >2] JP3[ JP4[ JPsLJpeL JP7! 


Bus Control 


I I-\ P50-P57/ 

I I-^ A 8 -A 15 

P40-P47/ 
N—i/ AD 0 -AD 7 
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FUNCTIONAL DESCRIPTION 
Timing 

The maximum clock frequency is 12 MHz. The clock is 
derived from an external crystal or an external oscilla¬ 
tor. The Internal processor clock is two-phase and the 
machine states are executed at a rate of 6 MHz. The 
shortest Instructions require two states (333 ns). The 
CPU contains a one-byte instruction prefetch. This 
allows a subsequent instruction to be fetched during 
the execution of an instruction that does not reference 
memory. 

Memory Map 

The /iPD78224 family has 1M bytes of address space. 
This address space is partitioned Into 64K bytes of 
program memory starting at address OOOOOH. (See 
figure 1). The remainder of the 1M bytes can be ac¬ 
cessed as data memory space. 

Figure 1. Memory Map 


OOOOOH 


OOOOOH 

0003FH 

Interrupt Vector 
Address Table Area 


On-ChIp ROM 
16,384 Bytes 

00040H 

0007FH 

CALL! Table Area 


■' (Must be external " 
memory 

5 00080H 

007FFH 

Program Area 

03FFFH 

In ^lPD78220) 

00800H 

OOFFFH 

CALLF Entry 
' Area ' 


\ 01000H 

' 03FFFH 


04000H 

^ External Memory ^ 

^ Program Area ^ 

0FC7FH 




0FC80H 

OFEFFH 

On-Chip RAM 

640 Bytes 

0FC80H 

OFEDFH 

On-ChIp 

RAM 

OFFOOH 

OFFFFH 

Special Function 
Register (SFR) 
Area 

OFEEOH 

OFEFFH 

General-Purpose 

Registers 

10000H 

External 

Memory 



FFFFFH 

' (Extended i 

Address 

Area) 
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External memory is supported by I/O port 4, an 8-bit 
multiplexed address/data bus. The memory mapping 
register controls the size of external memory as well as 
the number of added wait states. The upper address 
byte is derived from port 5, and the extended address 
nibble is derived from port 6. 

The /iPD78224 has on-chip mask ROM occupying the 
space from OOOOOH to 03FFFH. When the ROM is used 
and no other program or data space is required, ports 
4, 5, and 6 are available as additional I/O ports. 

General-Purpose Registers 

The general-purpose registers are mapped into spe¬ 
cific addresses In data memory. They are made up of 
four banks, each bank consisting of eight 8-bit or four 
16-bit registers. The register bank used is specified by 
a CPU instruction. This can be checked by reading 
RBSO and RBS1 in the program status word (PSW). The 
general-purpose register configuration is shown in 
figure 2. 


Special Registers 

There are three different special registers. The first is a 
16-bit binary counter that holds the next program 
address to be executed and is named the program 
counter. The stack pointer is the second special 16-bit 
register. The stack pointer holds the address of the 
stack area (a last in, first out system). The third special 
register Is an 8-bit program status word. This register 
contains various flags that are set or preset depending 
on the results of instruction execution. The program 
status word format is as follows: 


7 0 


IE 

Z 

RBS1 

AC 

RBSO 

0 

ISP 

CY 


CY Carry flag 

ISP Interrupt priority status flag 

RBSO, RBS1 Register bank selection flags 

AC Auxiliary carry flag 

Z Zero flag 

IE Interrupt request enable flag 


4c 


Special Function Registers 


Figure 2. Register Mapping 


These registers are assigned to special functions such 
as the mode and control registers for on-chip periph¬ 
eral hardware. They are mapped into the 256-byte 
memory space from OFFOOH to OFFFFH. Table 1 is a list 
of special function registers. 


OFEFFH 


Register 

Bank 

3 


For 8-Bit 
Processing 


For 16 -Bit 
Processing 


0 FEF 9 H 

(R 1 )A 

(R 0 )X 

0 FEF 8 H 

(RPO) AX 


(R 3 )B 

(R 2 )C 


(RP 1 ) BC 


{R 5 )D 

(R 4 )E 


(RP 2 ) DE 

OFEFFH 

(R 7 )H 

(R6)L 

OFEFEH 

(RP 3 ) HL 


0 FEF 8 H 

OFEFAH 

OFEFCH 

OFEFEH 


( ) = Absolute Name 
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Table /. 

Special Function Registers 







Address 

Register (SFR) 

Symbol 

R/W 

Access Units (Bits) 

1 8 16 

State After Reset 

OFFOOH 

Porto 

PO 

R/W 

X 

X 

— 

Undefined 

0 FF01H 

Port 1 

PI 

R/W 

X 

X 

_ 

Undefined 

0FF02H 

Port 2 

P2 

R 

X 

X 

— 

Undefined 

0FF03H 

Port 3 

P3 

R/W 

X 

X 

— 

Undefined 

0FF04H 

Port 4 

P4 

R/W, 

X 

X 

— 

Undefined 

0FF05H 

Port 5 

P5 

R/W 

X 

X 

— 

Undefined 

0FF06H 

Port 6 

P6 

R/W 

X 

X 

- 

xOH 

0FF07H 

Port 7 

P7 

R/W 

X 

X 

— 

Undefined 

OFFOAH 

Port 0 buffer register (low) 

POL 

R/W 

X 

X 

_ 

Undefined 

OFFOBH 

Port 0 buffer register (high) 

POH 

R/W 

X 

X 

— 

Undefined 

OFFOCH 

Real-time output port control register 

RTPC 

R/W 

X 

X 

— 

OOH 

0FF10H- 

FF11H 

16-bit compare register 0 (16-bit timer/counter) 

CROO 

R/W 

__ 

— 

X 

Undefined 

0FF12H- 

FF13H 

16-bit compare register 1 (16-bit timer/counter) 

CR01 

R/W 

— 

— 

X 

Undefined 

0FF14H 

8 -bit compare register (8-bit timer/counter 1) 

CR10 

R/W 

__ 

X 

— 

Undefined 

0FF15H 

8 -bit compare register (8-bit timer/counter 2) 

CR20 

R/W 

_ 

X 

— 

Undefined 

0FF16H 

8 -bit compare register (8-bit timer/counter 2) 

CR21 

R/W 

— 

X 

— 

Undefined 

0FF17H 

BRG 8-bit compare register 

CR30 

R/W 

— 

X 

— 

Undefined 

0FF18H- 

FF19H 

16-bit capture register (16-bit timer/counter) 

CR02 

R 

— 

— 

X 

Undefined 

OFF1AH 

8 -bit capture register (8-bit timer/counter 2) 

CR22 

R 

— 

X 

— 

Undefined 

OFF1CH 

8 -bit capture/compare register (8-bit timer/counter 1) 

CR11 

R/W 

— 

X 

— 

Undefined 

0FF20H 

Port 0 mode register 

PMO 

W 

— 

X 

- 

FFH 

0FF21H 

Port 1 mode register 

PM1 

W 

— 

X 

— 

FFH 

0FF23H 

Port 3 mode register 

PM3 

W 

— 

X 

- 

FFH 

0FF25H 

Port 5 mode register 

PM5 

W 

— 

X 

- 

FFH 

0FF26H 

Port 6 mode register 

PM6 

R/W 

— 

X 

— 

FFH 

0FF27H 

Port 7 mode register 

PM7 

W 

_ 

X 

— 

7FH 

0FF30H 

Capture/compare control register 0 

CRCO 

W 

— 

X 

— 

10H 

0FF31H 

Timer output controi register 

TOC 

W 

— 

X 

— 

OOH 

0FF32H 

Capture/compare control register 1 

CRC1 

W 

— 

X 

— 

OOH 

0FF34H 

Capture/compare control register 2 

CRC2 

W 

— 

X 

- 

OOH 

0FF43H 

Port 3 mode control register 

PMC3 

R/W 

X 

X 

- 

OOH 

0FF50H- 

FF51H 

16-bit timer register 0 

TMO 

R 

— 

— 

X 

OOOOH 

0FF52H 

8 -bit timer register 1: CH -1 

TM1 

R 

— 

X 

- 

OOH 

0FF54H 

8 -blt timer register 2; CH-2 

TM2 

R 

— 

X 

— 

OOH 

0FF56H 

BRG 8-bit timer register 

TM3 

R 

— 

X 

— 

OOH 

0FF5CH 

Prescaler mode register 0 

PRMO 

W 

— 

X 

— 

OOH 

0FF5DH 

Timer control register 0 

TMCO 

R/W 

- 

X 

- 

OOH 
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Table 1. Special Function Registers (cont) 

Access Units (Bits) 


Address 

Register (SFR) 

Symbol 


R/W 

1 

8 

16 

State After Reset 

0FF5EH 

Prescaler mode register 1 

PRM1 


W 

- 

X 

— 

OOH 

0FF5FH 

Timer control register 1 

TMC1 


R/W 

— 

X 

— 

OOH 

0FF6EH 

Port T mode register 

PMT 


R/W 

X 

X 

— 

OOH 

0FF6FH 

PortT 

PT 


R 

X 

X 

— 

Undefined 

0FF80H 

Clocked serial interface mode register 

CSIM 


R/W 

X 

X 

— 

OOH 

0FF82H 

Serial bus interface control register 

SBIC 


R/W 

X 

X 

— 

OOH 

0FF86H 

Serial shift register 

SIO 


R/W 

— 

X 

— 

Undefined 

0FF88H 

Asynchronous serial interface mode register 

ASIM 


R/W 

X 

X 

— 

80H 

0FF8AH 

Asynchronous serial interface status register 

AS IS 


R 

X 

X 

— 

OOH 

0FF8CH 

Serial receive buffer: UART 

RxB 


R 

— 

X 

— 

Undefined 

0FF8EH 

Serial transmit shift register: UART 

TxS 


W 

- 

X 

- 

Undefined 

OFFCOH 

Standby control register 

STBC 


R/W 

— 

X 

— 

OOOOxOOOB 

0FFC4H 

Memory expansion mode register 

MM 


R/W 

X 

X 

— 

20H 

0FFC5H 

Programmable wait control register 

PW 


R/W 

X 

X 

- 

80H 

0FFC6H 

Refresh mode register 

RFM 


R/W 

X 

X 

— 

OOH 

OFFEOH 

Interrupt request flag register L 

IFOL 

IFO 

R/W 

X 

X 

X 

Undefined 

0FFE1H 

Interrupt request flag register H 

IFOH 


R/W 

X 

X 

— 

Undefined 

0FFE4H 

Interrupt mask flag register L 

MKOL 

MKO 

R/W 

X 

X 

X 

FFFFH 

0FFE5H 

Interrupt mask flag register H 

MKOH 


R/W 

X 

X 

— 

FFFFH 

0FFE8H 

Priority specification flag register L 

PROL 

PRO 

R/W 

X 

X 

X 

FFFFH 

0FFE9H 

Priority specification flag register H 

PROH 


R/W 

X 

X 

— 

FFFFH 

OFFECH 

Interrupt service mode speification flag register L 

ISMOL 

ISMO 

R/W 

X 

X 

X 

OOOOH 

OFFEDH 

Interrupt service mode specification flag register H 

ISMOH 


R/W 

X 

X 

— 

OOOOH 

0FFF4H 

External interrupt mode register 0 

INTMO 


R/W 

X 

X 

— 

OOH 

0FFF5H 

External interrupt mode register 1 

INTM1 


R/W 

X 

X 

— 

OOH 

0FFF8H 

Interrupt status register 

1ST 


R/W 

X 

X 

— 

OOH 
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Input/Output Ports 

Functions of ports PO- P7 and port PT are explained 
below. All ports are 8 bits wide except P7, which is 7 bits 
wide. 


Port 

Function 

PO 

8 -bit output port or two 4-bit real time output 
ports 

PI 

Bit programmable for input or output; large 
current capacity 

P2 

Input 

P3 

Bit programmable for input or output 

P4 

Input or output 

P5 

Output 

P 60 -P 63 

Output 

P 64 - P 67 

Bit programmable for input or output 

P7 

Bit programmable for input or output 

PT 

Inputs to eight voltage comparators 


Figure 3. Real-Time Output Port 


Real-time Output Port 

The real-time output port (figure 3) shares pins with 
port 0. The high and low nibbles may be treated 
separately or together. In the real-time output function, 
data stored beforehand in the buffer register is trans¬ 
ferred to the output latch simultaneously with the 
generation of either a timer interrupt or external inter¬ 
rupt. Using the real-time output function in conjunction 
with the macro service function enables port 0 to 
output preprogrammed patterns at preprogrammed 
variable time intervals. 

Port T 

As shown in figure 4, the analog input voltage on each 
line of port T is compared with a programmable thresh¬ 
old voltage. The comparator output is 1 if the input 
voltage Is higher than the threshold, or 0 if it is lower. 

Four bits from the PTM regster are decoded to set the 
threshold voltage at one of 15 steps: Vdd x 1/16 through 
Vdd X 15/16. Each comparator operates continously as 
follows. 
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(1) Threshold voltage is set by writing the PTM register. 

(2) As each comparison is completed, the result is 
latched in port T and the next comparison begins. 

(3) Unless the PTM regiser Is written, the threshold 
voltage is not changed. 

Two bits from the PTM register specify the connection 
of pull up resistors in 4-bit units. When PTM is set to 
OOH, the resistor ladder Is released and threshold 
voltage is not supplied to the comparators. This can be 
done in the standby mode to eliminate unnecessary 
current drain. 

Serial Interface 

The /iPD78224 family has two independent serial inter¬ 
faces. 

• Asynchronous serial interface (UART) (figure 5) 

• Clock-synchronized serial interface (figure 6) 

A universal asynchronous receiver transmitter (UART) 
is used as an asynchronous serial interface. This inter¬ 
face transfers one byte of data following a start bit. The 
/iPD78224 contains a baud rate generator. This allows 
data to be transferred over a wide range of transfer 
rates. 

The clock-synchronized serial interface has two differ¬ 
ent modes of operation: 

• Three-line serial I/O mode. 

In this mode, data 8 bits long is transferred along 
three lines: a serial clock (SCK) line and two serial 
bus lines lines (SO and SI). This mode is convenient 
when a /JPD78224 device is connected to peripheral 
I/Os and display controllers that have the conven¬ 
tional clock-synchronized serial interface. 

• Serial bus Interface mode (SBI) 

In this mode, the /iPD78224 family can communicate 
data with several devices using the serial clock 
(SCK) and the serial data bus (SBO) lines. This mode 
conforms to NEC’s serial bus format. In SBI mode, 
addresses that select a device to communicate with, 
commands that direct the device, and actual data 
are output to the serial data bus. A handshake line, 
which was required for connecting several devices In 
the conventional clock-synchronized serial inter¬ 
face, is not needed. 


Figure 4. Comparator Port T 


Pull-Up 

Resistors 
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Figure 5. Asynchronous Serial interface 



Compare 


RxE PS1 PSO CL SL SCK 1 

Register 

PRMO 

--- 1 

(CR 30) 







TxS 

Shift 


“C 

rc 

sjytL 



Register 


_I 

Coincidence 


Reception 

Control 

Parity 

Check 


INTSER 1 ,-1—i-, 

1 1 1 ^ j 1 Transmission | 

\ 

1 




1 

8 -Blt Timer - 

—► INTSR 

Chedt 

1 

(■™3) 


I TransmlVRecelve Baud 
i-jJ Rate Generator Output 


Baud Rate Generator 
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Figure 6. Clock-Synchronized Serial interface 



83RD-6352B 
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NEC 


Timer/Counters 

The juPD78224 family has three timer/counters: one 
16-blt and two 8-blt. The 16-blt timer/counter (figure 7) 
has the basic functionality of an Interval timer, a pro¬ 
grammable square wave output, and a pulse-width 
measurer. These functions can provide a digital de¬ 
layed one-shot output, a pulse-width modulated out¬ 
put, and a cycle measurer. 

The two 8-bit timer/counters can provide the basic 
functions of an interval timer and a pulse-width mea¬ 
surer. Timer/counter 1 can also be used as a timer for 
output trigger generation for the real-time output port. 
Timer/counter 2 can also provide an external event 
counter, a one-shot timer, a programmable square- 
wave output, a pulse-width modulated output, and a 
cycle measurer. See figures 8 and 9. 

Figure 7 . 16-Bit Timer/Counter 
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Figure 8. 8-Bit Timer/Counter 1 



83ML-6077B 
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Interrupts 

There are 18 interrupt request sources; each source is 
allocated a location in the vector table. (See table 2). 
There Is one software interrupt request and one of the 
remaining 17 interrupts Is nonmaskable. The software 
interrupt and the nonmaskable interrupt are uncondi¬ 
tionally received even in the Dl state. These two inter¬ 
rupts possess the maximum priority. The maskable 
interrupt requests are subject to mask control by the 
setting of the interrupt mask flag. 

There are default priorities associated with each mask¬ 
able interrupt and these can be assigned to either of 
two programmable priority levels. Interrupts may be 
serviced by the vectored interrupt method where a 
branch to a desired service program is executed. 
Interrupts may also be handled by the macro service 
function where a preassigned process is performed 
without program intervention. 
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Table 2. 

interrupt Sources and Vector Addresses 



Interrupt 

Request 

Type 

Default 

Priority 

Interrupt Request Source 

Macro Service 
Handling 

Vector 

Table 

Address 

Software 

None 

BRK instruction execution 

— 

003EH 

Nonmaskable None 

NMI (pin input edge detection) 

— 

0002H 

Maskable 

0 

INTPO (pin input edge detection) 

— 

0006H 


1 

INTP1 (pin input edge detection) 

— 

0008H 


2 

INTP2 (pin input edge detection) 

— 

OOOAH 


3 

INTP3 (pin input edge detection) 

— 

OOOCH 


4 

INTCOO (TMO-CROO coincidence signal generation) 

— 

0014H 


5 

INTC01 (TM0-CR01 coincidence signal generation) 

— 

0016H 


6 

INTC10 (TM1-CR10 coincidence signal generation) 

Yes 

0018H 


7 

INTC11 (TM1-CR11 coincidence signal generation) 

Yes 

001 AH 


8 

INTC21 (TM2-CR21 coincidence signal generation) 

— 

001 CH 


9 

INTP4 (pin input edge detection) 

Yes 

OOOEH 


10 

INTPS (pin input edge detection) 

— 

0010H 


11 

INTP6 (pin input edge detection) 

— 

0012H 


12 

INTSER (generation of asynchronous serial interface receive error) 

— 

0020H 


13 

INTSR (end of asynchronous serial interface reception) 

Yes 

0022H 


14 

INTST (end of asynchronous serial interface transmission) 

Yes 

0024H 


15 

INTCSI (end of clocked serial interface transfer) 

Yes 

0026H 


Macro Service 

When macro service function can be programmed to 
transfer data from a special function register to mem¬ 
ory or from memory to a special function register. 
Transfer events are triggered by interrupt requests and 
take place without software intervention. There are six 
interrupt requests where macro servicing can be exe¬ 
cuted. The macro service function is controlled by the 
macro service mode register and the macro service 
channel pointer. The macro service mode register as¬ 
signs the macro servicing mode and the macro service 
channel pointer indicates the address of the memory 
location pointers. The location of each register and its 
corresponding interrupt is shown in figure 10. 

Refresh 

The refresh signal Is used with a pseudostatic RAM. The 
refresh cycle can be set to one of four intervals ranging 
from 2.6 to 21.3 jjs. The refresh is timed to follow a read 
or write operation to avoid interference. 

Standby Modes 

HALT and STOP functions reduce system power con¬ 
sumption. In HALT mode, the CPU stops and the sys¬ 
tem clock continues to run. A release of the HALT mode 


is ini tiated b y an unmasked interrupt request, an NMI, 
or a RESET input. In the STOP mode, the CPU and 
system clock are both stopped, reducing the power 
consumption even fu rther. T he STOP mode is released 
by an NMI input or a RESET input. 


Figure 10. Macro Service Controi Word Map 


OFEDFH 
OFEDEH 
OFEDDH 
OFEDCH 
OFEDBH 
OFEDAH 
0FED9H 
0FED8H 
0FED7H 
OFEDBH 
OFEDBH 
0FED4H 

fi3RD-6353A 


Channel Pointer 

Mode Register 

Channel Pointer 

Mode Register 

Channel Pointer 

Mode Register 

Channel Pointer 

Mode Register 

Channel Pointer 

Mode Register 

Channel Pointer 

Mode Register 


INTSR 


INTCSI 


}■ INTC10 


INTC11 


4c 
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ELECTRICAL SPECIFICATIONS 


Absolute Maximum Ratings 

Ta= +25»C 


Operating voltage, Vqd 

-0.5 to +7.0 V 

Input voltage, 

-0.5toVDD+ 0.5 V 

Output voltage, Vq 

-0.5 toVoD +0.5V 

Low-level output current, Iql 
per pin 

total, all output pins 

30 mA (peak), 15 mA (mean) 
150 mA (peak), 100 mA (mean) 

High-level output current, Iqh 
per pin 

total, all output pins 

-2 mA 
-50 mA 

Operating temperature, Topj 

-40 to +85°C 

Storage temperature, TgjQ 

-65 to +150°C 


Exposure to absolute maximum ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma¬ 
nent damage. The device should be operated within the limits 
specified under DC and AC characteristics. 


Operating Conditions __ 

Oscillation Frequency Vqd 

fxx = 4 to 12 MHz -40 to +85°C +5 V ±5% 

-10 to +70°C +5 V ±10% 

Capacitance 


Ta = +25°C; Vdd = 

Vss = ov 




Item 

Symbol 

Max 

Unit 

Conditions 

Input capacitance 

C| 

20 

PF 

f = 1 MHz; 

Output capacitance 

Co 

20 

PF 

pins not 
used for 

Input/output 

capacitance 

ClO 

20 

pF 

measurement 
are at 0 V 


DC Characteristics 


Ta = -40 to +85°C; Vdd = 

+ 5V ±10%; Vss = 

ov 





Item 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Low-level Input voltage 

V|L 

0 


0.8 

V 

Except PT pins 

High-level input voltage 

V|H1 

2.2 


Vdd 

V 

Except PT pins and pins in Note 1 


V|H2 

0.8 Vdd 


Vdd 

V 

Pins in Note 1 

Low-level output voltage 

V 0 LI 



0.45 

V 

Iql = 2.0 mA 


V0L2 



1.0 

V 

Iql = 8.0 mA (Port PI pins) 

High-level output voltage 

V 0 HI 

< 

0 

0 

i 

b 



V 

Iqh = -1.0 mA 


V0H2 

Vdd-0.5 



V 

Iqh = -100 a/A 

Input leakage current 

Ili 



±10 

A/A 

V| = 0 to Vdd 

Output leakage current 

■lo 



±10 

A/A 

Q 

Q 

> 

0 

0 

II 

0 

> 

Pullup current 

hpT 


-150 

-400 

A/A 

Vi=0V;PTpins 

Vdd power supply current 

•ddi 


16 

40 

mA 

Operating mode, fxx = 12 MHz 


'dD2 


7 

20 

mA 

HALT mode, fxx = 12 MHz 

Data retention voltage 

Vdddr 

2.5 


5.5 

V 

STOP mode 

Data retention current 

Idddr _ 


2 

20 

A/A 

STOP mode; Vdddr ~ 2.5 V 




5 

50 

fjk 

STOP mode; Vdddr = 5 V ±10% 


Notes: 


(1) XI, X2, RESET, P2o/NMI, P2i/INTP0, P 22 /iNTP 1 , P2;VINTP2/CI. 
P 24 /INTP 3 , P 25 /INTP 4 , P26/INTP5, P 27 /INTP 6 /SI, PSs/SCK, PSg/ 
SO/SBO, and EA pins. 
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Read/Write Operation 

Ta = -40 to +85°C; Vqq = +5 V ±10%; Vss = 

OV; fxx = 12 MHz; Cl = 100 pF 




Item 

Symbol 

Min 

Max 

Unit 

Conditions 

XI input clock cycle time 

^CYX 

82 

250 

ns 


Address setup time to ASTB i 

^SAST 

52 


ns 


Address hold time from ASTB i (Note 2) 

<HSTA 

25 


ns 

Rl = 5 ka Cl = 50 pF 

Address to RD 1 delay time 

^DAR 

129 


ns 


Address float time from RD i 

tFAR 

11 


ns 


Address to data input time 

^DAID 


228 

ns 


ASTB 1 to data input time 

^DSTID 


181 

ns 


RD i to data input time 

^DRID 


99 

ns 


ASTB i to RC) i delay time 

bsTR 

52 


ns 


Data hold time from RD t 

Ihrid 

0 


ns 


RD t to address active time 

Idra 

124 


ns 


RD t to ASTB t delay time 

Idrst 

124 


ns 


RD low-level width 

IWRL 

124 


ns 

No wait states 

ASTB high-level width 

IWSTH 

52 


ns 


Address to WR i delay time 

^DAW 

129 


ns 


ASTB i to data output time 

toSTOD 


142 

ns 


WR Ir to data output time 

^DWOD 


60 

ns 


ASTB i to WR i delay time 

1DSTW1 

52 


ns 



tDSTW2 

129 


ns 

Refresh mode 

Data setup time to WR T 

^SODWR 

146 


ns 


Data setup time to WR i (Note 1) 

tSODWF 

22 


ns 

Refresh mode 

Data hold time from WR T (Note 2) 

^HWOD 

20 


ns 


WR T to ASTB t delay time 

^DWST 

42 


ns 


WR low-level width 

tWWL1 

196 


ns 



1WWL2 

114 


ns 

Refresh mode 

Address to WAIT i input time 

^DAWT 


146 

ns 


ASTB A to WAIT 1 Input time 

Idstwt 


84 

ns 


hold time from XI i 

Ihwtx 

0 


ns 


WAIT setup time to XI t 

ISWTX* 

0 


ns 



Notes: 


(1) When accessing a pseudostatic RAM (^PD4168, etc.) that clocks 
in data at the faliing edge of WR, use tsoDWF instead of tsoQvVR 
as the data setup time. 

(2) The hold time includes the time during which Vqh ^nd Vql are 
retained under the following load conditions: Cl = 100 pF and 
Rl = 2 kQ 
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Serial Port Operation 

Ta = -40 to +85°C', Vdd = +5V 

±10%; Vss = 

OV; fxx = 12 MHz; Cl = 100 pF 



Item 



Symbol 

Min Max 

Unit 

Conditions 

Serial clock cycle time 



ICYSK 

1.0 

)US 

External clock input 





1.3 

fJS 

Internal clock/16 output 





5.3 

JUS 

Internal clock/64 output 

Serial clock low-level width 



IWSKL 

420 

ns 

External clock input 





556 

ns 

Internal clock/16 output 





2.5 

JUS 

Internal clock/64 output 

Serial clock high-level width 



IWSKH 

420 

ns 

External clock input 





556 

ns 

Internal clock/16 output 





2.5 

JUS 

Internal clock/64 output 

SI, SBO setup time to SCK t 



ISSSK 

150 

ns 


SI, SBO hold time from SCK 1 



Ihssk 

400 

ns 


SO/SBO output delay time from SCK i 


Idsbski 

0 300 

ns 

CMOS push-pull output 
(3-line serial I/O mode) 




1DSBSK2 

0 800 

ns 

Open-drain output 
(SBI mode), Rl = 1 kQ 

SBO high, hold time from SCK t 



Ihsbsk 

4 

ICYX 

SBI mode 

SBO low, setup time to SCK i 



ISSBSK 

4 

ICYX 

SBI mode 

SBO low-level width 



IWSBL 

4 

ICYX 


SBO high-level width 



IWSBH 

4 

ICYX 


RxD setup time to SCK t 



ISRXSK 

80 

ns 


RxD hold time after SCK t 



Ihskrx 

80 

ns 


SCK i to TxD delay time 



Idsktx 

210 

ns 


Comparator Port Operation 



Interrupt Timing Operation 


Item Symbol 

Min 

Max 

Unit Conditions 

Ta = -40 to +85“C; Vqd = +5 V ±10%; Vss = 0 V 

Item 

Symbol Min 

Max Unit Conditions 

Comparison accuracy V^Qo^p 


100 

mV — 


NMI low-level width 

twNiL 10 




100 

mV /L/PD78P224 

JUS 



NMI high-level width 

IWNIH 10 


Comparison time fcOMP 

128 

256 

ICYX 

JUS 

1NTP0-INTP6 low-level 
width 

twiTL 24 

ICYX 

Sampling time tsAMP 

62 


fCYX 

PT input voltage Vipj 






0 

Vdd 

V 

INTP0-INTP6 high- 
level width 

IWITH 24 

ICYX 









RESET low-level width 

IWRSL 10 

JUS 





RESET high-level 
width 

IWRSH 10 

JUS 

Data Retention Characteristics 





Item 

Symbol 

Min 

Typ Max 

Unit 

Conditions 

Data retention voltage 

VdDDR 


2.5 

5.5 

V 

STOP mode 

Data retention current 

>DDDR 



2 20 

//A 

VdddR = 2.5 V 





5 50 

ilk 

VddDR= 5V±10% 

Vqq rise time 

<RVD 


200 


/iS 


Vqq fall time 

*FVD 


200 


/iS 
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fiPD78224 Family 


Data Retention Characteristics (cont) 


Item 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Vdd retention time 
(from STOP mode 
setting) 

^HVD 

0 



ms 


STOP release signal 
input time 

^DREL 

0 



ms 


Oscillation 

Vaft 

30 



ms 

Crystal resonator 

stabilization wait time 


5 



ms 

Ceramic resonator 

Low-level input 
voltage 

V|L 

0 


0.1 

VdDDR 

V 

Specified pins 
(Note) 

High-level input 
voltage 

V|H 

0.9 

Vdddr 


VdDDR 

V 

Specified pins 
(Note) 


Note: RESET, P2o/NMI, P2i/INTP0, P 22 /INTPI, P 23 /INTP 2 /CI, P2^ 
INTP3, P 25 ^NTP 4 , P2^INTP5, P 27 /INTP 6 /SI, PSg/SCK, P 33 /SO/ 
SBO, and EA pins. 
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Timing Dependent on tcvx 

Item 

Symbol 

Calculation Formula (1, 2) 

Min/Max 

12 MHz 

Unit 

XI input clock cycle time 

tCYX 


Min 

82 

ns 

Address setup time to ASTB i 

^SAST 

o 

to 

1 

1 

Min 

52 

ns 

Address to RD i delay time 

^DAR 

2tcYX - 35 

Min 

129 

ns 

Address float time from RD i 

tPAR 

tCYX/2 - 30 

Min 

11 

ns 

Address to data input time 

^DAID 

(4+2n)tcYX-100 

Max 

228 

ns 

ASTB i to data input time 

^DSTID 

(3-l-2n)tcYX “ 35 

Max 

181 

ns 

RD i to data input time 

'drid 

(2+2n)tcYX “ 33 

Max 

99 

ns 

ASTB Ho RD 1 delay time 

^DSTR 

tcYX - 30 

Min 

52 

ns 

RD t to address active time 

^DRA 

2tcYX - 40 

Min 

124 

ns 

RD t to ASTB t delay time 

tORST 

2tcYX - 40 

Min 

124 

ns 

RD low-level width 

%RL 

(2+2n)tcYX “ 40 

Min 

124 

ns 

ASTB high-level width 

tWSTH 

^CYX - 30 

Min 

52 

ns 

Address to WR i delay time 

^DAW 

2tcYX - 35 

Min 

129 

ns 

ASTB 1 to data output time 

toSTOD 

tCYX + 30 

Max 

142 

ns 

ASTB A to WR A delay time 

^DSTWI 

i 

I 

CO 

o 

Min 

52 

ns 


tDSTW2 

2tcYX “ 35 (refresh mode) 

Min 

129 

ns 

Data setup time to WR t 

tSODWR 

(3+2n)tcYX~ ‘•OO 

Min 

146 

ns 

Data setup time to WR A 

tSODWF 

tcYX~30 (refresh mode) 

Min 

22 

ns 

WR t to ASTB t delay time 

tDWST 

tQYX-40 

Min 

42 

ns 

WR low-level width 

%WL1 

(3-h2n)toYX ~ 30 

Min 

196 

ns 


twWL2 

(2-f2n)tcYX~ 30 (refresh mode) 

Min 

114 

ns 

Address to WAIT A input time 

^DAWT 

3tcYX - 100 

Max 

146 

ns 

ASTB A to WAIT A input time 

^DSTWT 

2tcYX - 30 

Max 

84 

ns 


Note: 

(1) n indicates the number of internal wait states. 


Recommended Oscillator Circuit 


Cl 
15 pF 



XI 

- I 

1 

> CZ3 

T 

riPD7822x 

1 

X2 



Crystal frequency fxx = 4 to 12 MHz 
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External Clock Operation 


T/y = —40 to +85°C; Vqq 

= +5y ± 

10%; V 

SS = 

OV 

Item 

Symbol 

Min 

Max 

Unit Conditions 

X1 input low-level width 

twXL 

30 

130 

ns 

X1 input high-level width 

^WXH 

30 

130 

ns 

X1 input rise time 

tXR 

0 

30 

ns 

XI input fall time 

tXF 

0 

30 

ns 

X1 input clock cycle time 

^CYX 

82 

250 

ns 


Timing Waveforms 

Voltage Thresholds for Timing Measurements External Clock 



Read Operation 


4c 










fiPD78224 Family 



Externa! WAIT Input 










NEC 


Clock-Synchronized Serial interface; Three-Line I/O 



Clock-Synchronized Serial Interface; SBI Mode 



jiiPD78224 Family 













f/PD78224 Family 








PPD78224 Family 


Data Retention Characteristics 
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/iPD78P224 PROGRAMMING 

In the jL/PD78P224, the mask ROM of /7PD78224 is re¬ 
placed by a one-time programmable ROM (OTP ROM). 
The ROM is 16,384 x 8 bits and can be programmed 
using a general-purpose PROM writer with a 
pPD27C256A programming mode. 

The PA-78P224GJ/L are the socket adaptors used for 
configuring the /iPD78P224 to fit a standard PROM 
socket. 

Refer to tables 3 through 6 and the PROM timing 
diagrams for special information applicable to PROM 
programming. 


Table 5. Pin Functions During PROM 
Programming 


Pin 

Pin* 

Function 

PO 0 -PO 7 

Aq-A 7 

Input pins for PROM write/verify 
operations 

PSo/Ag 

As 

Input pin for PROM write/verify 
operations 

P2.,/INTP0 

Ag 

Input pin for PROM write/verify 
operations 


Table 3. Pin Functions During PROM 
_ Programming (cont) _ 


Pin 

Pin* 

Function 

P52/A1Q- 

Aio- 

Input pins for PROM write/verify 

P56/Ai4 

Ai4 

operations 

P4o/ADo - 

Do- 

Data pins for PROM operations 

P 47 /AD 7 

D 7 


P65/WR 

CE 

Strobes data into the PROM 

P 64 /^ 

OE 

Enables a data read from the PROM 

P 2 o/NMI 

NMl 

PROM programming mode is 
entered by applying a high voltage 
to this pin 

RESET 

RESET 

PROM programming mode requires 
applying a low voltage to this pin 

EA 

Vpp 

High voltage applied to this pin for 
program write/verify 

Vdd 

^DD 

Positive power supply pin 

Vss 

Vss 

Ground 


* Pin name in PROM programming mode. 


Table 4. Summary of Operation Modes for PROM Programming 


Mode 

NMl 

RESET 


OE 

Vpp 

Vdd 

Dq- D 7 

Program write 

+12.5 V 

L 

L 

H 

+ 12.5 V 

+ 6 V 

Data input 

Program verify 

+12.5 V 

L 

H 

L 

+12.5 V 

+ 6 V 

Data output 

Program inhibit 

+12.5 V 

L 

H 

H 

+ 12.5 V 

+ 6 V 

HighZ 

Read out 

+12.5 V 

L 

L 

L 

+ 5V 

+5V 

Data output 

Output disable 

+12.5 V 

L 

L 

H 

+ 5V 

+ 5V 

High Z 

Standby 

+12.5 V 

L 

H 

L/H 

+ 5V 

+ 5V 

High Z 


Note: When +12.5 V is applied to Vpp and + 6 V toV^D, both CE and 
OE cannot be set to low level (L) simultaneously. 
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DC Programming Characteristics 

Ta = 25 ±5°C; V|p = 12.5 ±0.5 V applied to NMI pin; Vqs 

= OV 





Parameter 

Symbol 

Symbol* 

Min 

Typ 

Max 

Unit 

Condition 

High-level input voltage 

V(H 

V|H 

2.4 


Vddp+0-3 

V 


Low-level input voltage 

V|L 

V|L 

-0.3 


0.8 

V 


Input leakage current 

Ilip 

'Ll 



10 

fjA 

0 < V| < Vddp 

High-level output voltage 

VoH1 

VqHI 

2.4 



V 

Iqh = -400 /iA 


VoH2 

VoH 2 

Vdd-0.7 



V 

Iqh = -“loo //A 

Low-level output voltage 

o 

> 

VoL 



0.45 

V 

Iql — 2.1 mA 

Output leakage current 

•lo 




10 

juA 

0 < Vq ^ Vddp. oe = V|h 

NMI pin high-voltage input current 

■ip 




±10 

/iA 


Vddp power voltage 

Vddp 

< 

o 

o 

5.75 

6.0 

6.25 

V 

Program memory write mode 




4.5 

5.0 

5.5 

V 

Program memory read mode 

Vpp power voltage 

Vpp 

Vpp 

12.2 

12.5 

12.8 

V 

Program memory write mode 





Vpp = Vddp 


V 

Program memory read mode 

Vddp power current 

■dd 

■cc 


5 

30 

mA 

Program memory write mode 





5 

30 

mA 

Program memory read mode 
^ = V,L, V, = V,H 

Vpp power current 

Ipp 

Ipp 


5 

30 

mA 

Program memory write mode 
^ = V|L, OE = ViH 





1 

100 


Program memory read mode 

* Corresponding symbols of the juPD27C256A. 







AC Programming Characteristics (Write Mode) 

Ta = 25 ±5°C; V|p = 12.5 ±0.5 V applied to NMI pin; Vss = 0 V; V^d = 

6 ±0.25 V; Vpp 

= 12.5 ±0.3 V 


Parameter 


Symbol 

Symbol* 

Min 

Typ 

Max 

Unit Conditions 

Address setup time to CE i 


^SAC 

Us 

2 



/iS 

Data input to OE 1 delay time 


^DDOO 

^OES 

2 



fJS 

Input data setup time to CE 


%IDC 

^DS 

2 



/iS 

Address hold time from CE t 


*HCA 

Uh 

2 



/iS 

Input data hold time from CE t 


*HC|D 

^DH 

2 



JUS 

Output data hold time from OE t 


^HOOD 

tOF 

0 


130 

ns 

Vpp setup time to CE i 


^SVPC 

tvps 

1 



ms 

Vddp setup time to CE 1 


tsVDC 

Vcs 

1 



ms 

Initial program pulse width 


^WLI 

tpw 

0.95 

1.0 

1.05 

ms 

Additional program pulse width 


%L2 

tOPW 

2.85 


78.75 

ms 

NMI high-voltage input setup time to CE i 

^SPC 


2 



JUS 

Address to data output time 


bAOD 

Ucc 



200 

_i 

> 

11 

|UJ 

lo 

11 

ILU 

lo 

<0 

c 

CE i to data output time 


^DCOD 

tCE 



200 

ns OE = VjL 

OE i to data output time 


^DOOD 

^OE 



75 

> 

11 

lo 

c 

Data hold time from OE t 


^HCOD 


0 


60 

> 

11 

ILU 

lo 

c 

Data hold time from address 


^HAOD 


0 



> 

11 

lo 

11 

|LU 

lo 

c 


* Corresponding symbols of the /jPD27C256A. 








JUPD78224 Family 


EC 


PROM Write Procedure 

(1) Connect the RESET pin to a low level, and apply 
+ 12.5 V to the NMI pin. 

(2) Apply + 6VtotheVDDPinand +12.5 Vtothe Vpp 
pin. 

(3) Provide the initial address. 

(4) Provide write data. 

(5) Provide 1-ms program pulse (active low) to the 
CE pin. 

(6) This data is now verified with a pulse (active low) 
to the OE pin. If the data has been written, 
proceed to step 8; if not, repeat steps 4 to 6. If the 
data cannot be correctly written after 25 at¬ 
tempts, go to step 7. 

(7) Classify as defective and stop write operation. 

(8) Provide write data and supply program pulse (for 
additional writing) for 3 ms times the number of 
writes performed in steps 5, 

(9) Increment the address. 

(10) Repeat steps 4 to 9 until the end address. 


PROM Read Procedure 

(1) Fix the RESET pin to a low level, and apply + 12.5 V 
to the NMI pin, 

(2) Input the address of the data to be read to pins 

Ao - Ai4. 

(3) Read mo^is entered with a pulse (active low) on 
both the CE and OE pins. 

(4) Data is output to the Dq to Dy Pins. 
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PROM Timing Diagrams 


PROM Write Mode 
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PROM Timing Diagrams 
PROM Read Mode 








i[iPD78238 Family 

|\|EC OiPD78233/234/237/238/P238) 

NEC Electronics Inc. 8-Blt, K-Series Microcontrollers With 

A/D and D/A Converters, Real-Time Output Ports 

June 1993 


Description 

The /iPD78233, /iPD78234, /iPD78237. /L/PD78238, and 
/iPD78P238 are members of the K-Series® of microcon¬ 
trollers and are designed for real-time embedded con¬ 
trol applications. These 8-bit, single-chip microcontrol¬ 
lers have a minimum instruction time of 333 ns at 12 
MHz (500 ns for the /iPD78233/237). They feature 8-bit 
hardware multiply and divide instructions, four banks 
of main registers, an advanced interrupt handling fa¬ 
cility, a powerful set of memory mapped on-chip pe¬ 
ripherals, and the ability to address up to 1M bytes of 
external data memory. On board memory Includes 640 
or 1024 bytes of RAM, 16K or 32K bytes of mask ROM, or 
32K bytes of UV EPROM or one-time programmable 
(OTP) ROM. 

The advanced Interrupt handling facility provides two 
levels of programmable hardware priority control and 
two separate methods of servicing interrupt requests: 
vectored and macro service. The macro service facility 
reduces the overhead Involved In servicing peripheral 
interrupts by transferring data between the memory- 
mapped special function registers (SFRs) and memory 
without the use of time consuming Interrupt service 
routines. In addition, the macro service facility can be 
initialized to automatically alter timer compare regis¬ 
ter values or to repeatedly output a prespecified pat¬ 
tern at a fixed or variable rate. By using macro service 
to control the real-time output ports, the /iPD78238 
family can easily and accurately drive two independent 
stepper motors. 

The combination of the macro service facility, four 
banks of main registers, extended data memory ad¬ 
dress space, and powerful on-chip peripherals makes 
these devices ideal for applications in office automa¬ 
tion, communication, HVAC, and industrial control. 

Features 

□ Complete single-chip microcontroller 

— 8-blt ALU 

— Program memory (ROM) 

/iPD78233/237; ROMIess 
/iPD78234: 16K bytes 
/;PD78238/P238: 32K bytes 

— Data memory (RAM) 

/L/PD78233/234: 640 bytes 
/iPD78237/238/P238: 1024 bytes 


□ Powerful instruction set 

— 8-bit unsigned multiply and divide 

— 16-bit arithmetic Instructions 

— 1-bit and 8-bit logic Instructions 

□ Minimum instruction time 

— 333 ns at 12 MHz (/iPD78234/238/P238) 

— 500 ns at 12 MHz 0 l/PD78233/237) 

□ Memory expansion 

— 8085 bus-compatible 

— 64K program address space 

— 1M data address space 

□ Large I/O capacity 

— Up to 64 I/O port lines on /iPD78234/238/P238 

— Up to 46 I/O port lines on jL;PD78233/237 

— Software programmable pull up resistors 

□ Memory-mapped on-chip peripherals (special 
function registers) 

□ Timer/counter unit 

— 16-bit timer 0: 

Two 16-bit compare registers 
One 16-bit capture register 
One external interrupt/capture line 

— 8-bit timer 1: 

One 8-blt compare register 
One 8-bit capture/compare register 
One external interrupt/capture line 

— 8-bit timer/counter 2: 

Two 8-bit compare registers 
One 8-blt capture register 
One external interrupt/capture line 
One external event counter line 

— 8-bit timer 3: 

One 8-bit compare register 

□ Pulse-width modulated (PWM) outputs 

— Two 12-bit precision hardware controlled 
— Four 8-blt precision timer controlled 

□ Two 4-bit (or one 8-bit) real-time output ports 

□ Eight-channel 8-bit A/D converter 
n Two-channel 8-bit D/A converter 

□ Programmable priority interrupt controller (two 
levels) 

□ Two methods of interrupt service 
— Vectored interrupts 

— Macro service mode with choice of three 
different types 


4d 


K-series is a registered trademark of NEC Electronics, Inc, 


50601 




pPD78238 Family NEC 


Features (cent) 




□ Two-channel serial communication interface 
— Asynchronous serial interface (DART) 
Dedicated baud rate generator 
-Clock-synchronized interface 

Full-duplex, three-wire mode 

NEC serial bus Interface (SBI) mode 



□ Refresh output for pseudostatic RAM 

□ STOP and HALT standby functions 



□ 5-volt CMOS technology 




Ordering Information 




Part Number 

ROM 

Package 

Package Drawing 

/iPD78233GC 

ROMless 

80-pin plastic QFP 

S80GC-65-3B9-1 

/iPD78234GC-xxx 

16K mask ROM 



^PD78237GC 

ROMless 



I/PD78238GC-XXX 

32K mask ROM 



jUPD78P238GC 

32K OTP ROM 



/iPD78233GJ 

ROMless 

94-pin plastic QFP 

S94GJ-80-5BG-1 

/iPD78234GJ-xxx 

16K mask ROM 



//PD78237GJ 

ROMless 



/iPD78238GJ-xxx 

32K mask ROM 



//PD78P238GJ 

32K OTP ROM 



/iPD78233LQ 

ROMless 

84-pin PLCC 

P84L-50A3-1 

juPD78234LQ-xxx 

16K mask ROM 



//PD78237LQ 

ROMless 



//PD78238LQ-XXX 

32K mask ROM 



A;PD78P238LQ 

32K OTP ROM 



//PD78P238KF 

32K UV EPROM 

94-pin ceramic LOG with window 

X94KW-80A 


Note: XXX indicates ROM code suffix. 
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I o 


■D TJ TJ TJ 

mii% 


2 T 3 “D*TJ'TJTJU'tJT 3 , 1 ? 

Slsss’ssiss’g" 2 g§ qlassess 


P6e/WAIT 

peg/^ 

P64/R5 

P 63 /Ai 9 

P 62 /A 18 

P 61 /A 17 

P 60 /A 16 

P 57 /A 15 

PSg/Au 

P65/A13 

P54/A12 

P63/A11 

P52/A10 

P5l/Ag 

P50/A3 

P47/AD7 

P46/AD6 

P45/AD5 

P44/AD4 

P 43 /AD 3 


o<oQovia>cn-i!kCoro 


(oa)>io>al■pkco^3 


P3 q/RxD 

P27/SI 

P2g/1NTP5 

P25/INTP4/ASCK 

P 24 /INTP 3 

P 23 /INTP 2 /CI 

P 22 /INTPI 

P2i/1NTP0 

P2^MI 

AVREF3 

AVREF2 

AN01 


’P3i-p><S-o-OTj-D-o-UT]-o<-q-qTJ-q-q 

|S)^0 


z z z z z 

O l\> CO -Pk 
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fiPD78238 Family 


Pin Configurations (cont) 

84-Pin PLCC (Plastic Leaded Chip Carrier) 


W «M 2; O 

z z z z 
< < < < 


Si<ou>’«teocviT-oo 


CLQ.Q.a.Z>>Q.Q.flLQ.Q.a.a.Q.Z>><Q.Q. 


OCOOONCOlOrfCOCM 


P 74 /ANI 4 

P75/ANI5 

P76/ANI6 

P77/ANI7 

avdd 

avrefi 

AVSS 

ANOO 

AN 01 

AVreF2 

avrefs 

P 2 (/NMI 

P21/INTP0 

P22/INTP1 

P23/INTP2/CI 

P 24 /INTP 3 

P25/INTP4/ASCK 

P26^INTP5 

P27/SI 

P 3 o/RxD 

P 3 i/TxD 


74 

□ P42/AD2 

73 

□ P43/AD3 

72 

□ P44/AD4 

71 

□ P45/AD5 

70 

□ P4e/AD6 

69 

□ PAy^ADy 

68 

□ P5(/A8 

67 

□ P5i/A9 

66 

□ P52^A10 

65 

□ P53^A11 

64 

□ P54/AI2 

63 

□ P55^A13 

62 

□ P56^A14 

61 

□ P57/AI5 

60 

□ P6(/A16 

59 

□ P 61 /AI 7 

58 

□ P62/AI8 

57 

□ P6yA19 

56 

□ P64/RD 

55 

□ PBs/^ 

54 

^ P6e/WAIT 


uuuuuuuuuuuuuuuuuuuuu 

Is 
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Pin Configurations (cont) 

94-Pin Plastic QFP and Ceramic LCC with Window 






jLfPD78238 Family 



Pin Functions; Normai Operating Mode 

Symbol 

First Function 

Symbol 

Second Function 

POq- PO 7 

Port 0; 8 -bit tristate output port/real time output port 



P 10 

P 11 

Port 1; 8 -bit, bit-selectable tristate input/output port 

PWMO 

PWM1 

Pulse-width modulated outputs 

P 12 -P 17 


— 


P 2 o 

Port 2; 8 -bit input port 

NMI 

External nonmaskable Interrupt 

P2i 

P 22 


INTPO 

INTP1 

Maskable external interrupts 

P23 


INTP2 

Cl 

Maskable external Interrupt 

External clock input to timer/counter 2 

P24 


INTP3 

Maskable external interrupt 

P25 


INTP4 

ASCK 

Maskable external interrupt 

Asynchronous serial clock input 

P26 


INTP5 

Maskable external interrupt 

P27 


SI 

Serial data input for three-wire serial I/O mode 

P3o 

Port 3; 8 -bit, bit-selectable tristate input/output port 

RxD 

Asynchronous serial receive data input 

P3i 


TxD 

Asynchronous serial transmit data input 

P32 



Serial shift clock input/output 

P33 


SO 

SBO 

Serial data output for three-wire serial I/O mode 
I/O bus for NEC serial bus interface (SB!) 

P34- P37 


TOO- T03 

Timers TO to T3 outputs 

P4o- P 47 

Port 4; 8 -bit tristate input/output port 

ADq - AD 7 

Low-order 8 -bit multiplexed address/data bus 

P5o- P57 

Port 5; 8 -bit, bit-selectable tristate input/output port 

As' Ai5 

High-order 8 -bit address bus 

P 60 - P 63 

Port 6 ; 4-bit output port 

Ai 6 “ Ai9 

Extended memory address bus 

P 64 

Port 6 ; 4-bit, bit-selectable tristate input/output port 

m 

External memory read strobe 

P 65 


WR 

External memory write strobe 

P66 


Tot 

External memory wait signal input 

P 67 


REFRQ 

Refresh pulse output used by external 
pseudostatic memory 

P7o> P77 

Port 7; 8 -bit input port 

ANIO - ANI7 

Analog voltage input to A/D converter 

ANOO, AN01 

Analog voltage output from D/A converter 



ASTB 

Address strobe output used to latch the 
low-order 8 address for external memory 



RESET 

External system reset input 



MODE 

Internal ROM or external memory control signal input. A 
low-level input selects Internal ROM. A high-level input 
selects external memory. The /JPD78234/238 can be used 
in ROMIess mode by setting the MODE pin high. 

However, the/iPD78P238 cannot be used in ROMIess 
mode and its MODE pin must only be set low. 



X1 

Crystal/ceramic resonator connection or 
external clock input 



X2 

Crystal/ceramic resonator connection or 
inverse of external clock 



AVrefi 

A/D converter reference voltage 
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Pin Functions; Normal Operating Mode (cont) 

Symbol 

First Function 

Symbol 

Second Function 

AVreF2 . 

AVreF3 

D/A converter reference voltages 



avdd 

A/D converter power supply 



AVss 

A/D converter ground 



VdD 

+ 5 volt power supply input 



Vss 

Power supply ground 



NC 

No connection 




FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

The jLiPD78238 family CPU features 8- and 16-bit arith¬ 
metic including an 8 x 8-bit unsigned multiply and 16 x 
8-blt unsigned divide (producing a 16-bit quotient and 
an 8-bit remainder). The multiply executes In 3.67 /is 
and the divide in 12.36 ^s at 12 MHz (4.00 and 12.69 
respectively for pPD78233/237). 

A CALLT vector table and a CALLF program area 
decrease the number of bytes In the call instructions 
for commonly used subroutines. A 1-byte call instruc¬ 
tion (CALLT) can access up to 32 subroutines through 
the addresses contained In the CALLT vector table. A 
2-byte call Instruction (CALLF) can access any routine 
beginning at a specific address In the CALLF area. 


The internal system clock (fcix) is generated by divid¬ 
ing the oscillator frequency by two. Therefore, at the 
maximum oscillator frequency of 12 MHz, the internal 
system clock Is 6 MHz. The minimum instruction exe¬ 
cution time for an instruction fetched from internal 
ROM is 333 ns (500 ns when fetched from external 
memory). 

Memory Space 

The/iPD78238 family has a 1M byte address space (see 
figure 1). The first 64K bytes of this address space 
(OOOOOH-OFFFFH) can be used as both program and 
data memory. The remaining 960K bytes of this address 
space (10000H-FFFFFH) can only be used as data 
memory and is known as expanded memory. 
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NEC 


Block Diagram 


SFR Address^Data E 


P 2 i /INTPO - - 
P26/INTP5 - 
PSq/RxD - 
P3l/TxD ' 
P25/INTP4/ ■ 
ASCK 

P32/^ * 
P33/SCySB0 ' 
P 27 /SI - 


Programmable 
Interrupt < 
Controller 


Baud Rate 
Generator 


Clock Serial 
Interface 




INTP 1 

P23/INTP2^CI 

P 3 e/T 02 

P 37 /TO 3 


Timer/Counter ^ 



ANI0-ANI7 - 

AVpppi - 


Real-Time 
Output Port 
(4 Bits X 2) 


A/D 

Converter 


D/A 

Converter 


Temporary 

Registers 


Boolean 

Processor 


Macro Service 
Control Words 

(256 Bytes) 


Internal Program 
Memory 

OK Bytes :jiPD78233/237 
16K Bytes: nPD78234 
32K Bytes: |aPD78238/P238 


Micro 

Sequencer 


P 67 /REFRQ 


System Control 



Pulse Width 
Modulator 


Peripheral RAM 
384 Bytes: 
HPD78233/234 
768 Bytes; 
^PD78237/238/P238 


Internal Data Bus 


Peripheral Bus l/F 


POo PIq P 2 o P 3 o P 4 o PSq P60 P64 PIq 

-PO 7 ■PI 7 ‘P 27 -P 37 -P 47 -P 57 -P 63 -P 67 -P 75 
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Figure 1. Memory Map 



Notes: 

(1) 03FFFH on |xPD78234 
07FFFH on fiPD78238^P238 

(2) 0FC80H on nPD78233^234 
OFBOOH on nPD78238/P238 


4d 


External Memory 

The /iPD78238 family has an 8 -bit wide external data 
bus and a 16-bit wide external address bus ( 20 -blt wide 
if expanded memory is enabled). The low-order 8 bits 
of the address bus are multiplexed to provide the 8 -bit 
data bus and are supplied by I/O port 4. The high-order 
address bits of the 16-bit address bus are taken from 
port 5. If expanded memory is enabled, the expanded 
address nibble is provided by P 6 oto P 63 . Address latch, 
read, and write strobes are also provided. 

The memory expansion mode register (MM) is used to 
enable external memory, to sp ecify u p to two addi¬ 
tional wait states or the use of the WAIT input pin for the 
first 64K bytes of memory, and to enable the high-speed 
internal ROM fetch. Ports 4, 5, and 6 are available as 
general purpose I/O ports when only internal ROM is 
used and no external program or data space is re¬ 
quired. 


Expanded Data Memory 

The MM register is also used to enable the external 
expanded data memory space, addresses 10000H to 
FFFFFH. Whenthe expanded data memory is enabled, 
the entire 1M byte address space is divided into 16 
banks of 64K bytes each. The low-order 4-bits of the P 6 
or the PM 6 registers are used as bank selection regis¬ 
ters to supply the address information to Ai© to A 19 . 
Data can easily be transferred from one memory bank 
to another by using the appropriate instructions. Ad¬ 
dress lines Ai 6 to A 19 are only active when an instruc¬ 
tion that uses expanded addressing is being executed. 
A programmable wait control register (PW) allows the 
programmer to sp ecify u p to two additional wait states 
or the use of the WAIT input pin for expanded data 
memory space. 
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On-Chip RAM 

The /iPD78237/238 have a total of 1024 bytes of on-chip 
RAM (640 bytes in the/iPD78233/234). 

The /iPD78P238 also contains 1024 bytes of on-chip 
RAM. By using the memory size select (IMS) register, 
the/iPD78P238 can be programmed to emulate either a 
pPD78234 device with 640 bytes of on-chip RAM or a 
^PD78238 with 1024 bytes. The programming of this 
register Is transparent to the ROM-based device, allow¬ 
ing easy transfer of code to a ROM-based device. 

The upper 256-byte area (FEOOH-FEFFH) features high¬ 
speed access and is known as “Internal RAM.” The 
remainder (FBOOH-FDFFH and FC80H-FDFFH in the 
/iPD78233/234) Is accessed at the same speed as ex¬ 
ternal memory and is known as “Peripheral RAM.” The 
general register banks and the macro service control 
words are stored In Internal RAM. The remainder of 
Internal RAM and any unused register bank locations 
are available for general storage. 

On-Chip Program Memory 

The /iPD78234/238 contain 16K and 32K bytes of Inter¬ 
nal ROM respectively. The /iPD78P238 contains 32K 
bytes of UV EPROM or one-time programmable ROM. 
By using the IMS register, the /iPD78P238 can be 
programmed to emulate a jL/PD78234 device with 16K 
bytes of internal PROM or a ^PD78238 with 32K bytes. 
This programming is transparent to the ROM-based 
device, allowing easy transfer of code to a ROM-based 
device. Instructions from on-chip program memory can 
be fetched at high speed or at the same rate as from 
external memory. The /;PD78233 and the /jPD 78237 do 
not have on-chip program memory. 

CPU Control Registers 

Program Counter. The program counter Is a 16-bit 
binary counter register that holds the address of the 
next Instruction to be executed. During reset, the 
program counter is loaded with the address stored in 
locations OOOOH and 0001H. 

Stack Pointer. The stack pointer Is a 16-bit register 
that holds the address of the last item pushed onto the 
stack. It is decremented before new data is pushed 
onto the stack and incremented after data is popped 
off the stack. 

Program Status Word. The program status word 
(PSW) is an 8-bit register that contains flags that are 
set or reset depending on the results of an instruction. 


This register can be written to or read from 8 bits at a 
time. The individual flags can also be manipulated on a 
bit-by-bit basis. The assignment of PSW bits follows. 


7 0 


IE 

Z 

RBS1 

AC 

RBSO 

0 

ISP 

CY 


CY 

ISP 

RBSO, RBS1 
AC 
Z 
IE 


Carry flag 

Interrupt priority status flag 
Register bank selection flags 
Auxiliary carry flag 
Zero flag 

Interrupt request enable flag 


General Registers 

The general-purpose registers (figure 2) consist of four 
banks of registers located at addresses FEEOH to 
FEFFH in Internal RAM. Each bank consists of eight 
8 -bit general registers that can also be used in pairs to 
function as four 16-blt registers. Two bits in the PSW 
(RBSO and RBS1) specify which of the register banks is 
active. The bits are set under program control. Regis¬ 
ters have both functional names (like A, X, B, C for 8-bit 
registers and AX, BC for 16-bit registers) and absolute 
names (like R1, RO, R3, R2 for 8-bit registers and RPO, 
RP1 for 16-bit registers). Each instruction determines 
whether a register is referred to by its functional or 
absolute name and whether it is 8 or 16 bits. 

Addressing 

The jL/PD78238 family features l-byte addressing of 
both the special function registers and the portion of 
on-chip RAM from FE20H to FEFFH. The 1-byte sfr 
addressing accesses the entire SFR area, while the 
1-byte saddr addressing accesses the first 32 bytes of 
the SFR area and 224 bytes of internal RAM. Sixteen-bit 
SFRs and words of memory In these areas can be 
addressed by 1-byte saddrp addressing, which Is valid 
for even addresses only. Since many instructions use 
1 -byte addressing, access to these locations is almost 
as fast and versatile as access to the general registers. 
There are seven addressing modes for data in main 
memory: direct, register, register indirect with autoin¬ 
crement and decrement, saddr, SFR, based, and in¬ 
dexed. There are also both 8-blt and 16-bit immediate 
operands. 
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Figure 2. General Registers 


Register 

Bank 

3 


For8-Blt 

Processing 


For16-Blt 

Processing 


0FEF9H 

(R1)A 

(RO)X 

0FEF8H 

(RPO) AX 


(R3)B 

(R2)C 


(RP1) BC 


(R5)D 

(R4)E 


(RP2) DE 

OFEFFH 

(R7)H 

{R6)L 

OFEFEH 

(RP3) HL 


0FEF8H 

OFEFAH 

OFEFCH 

OFEFEH 


( ) = Absolute Name 


Special Function Registers 

The Input/output ports, timers, capture and compare 
registers, and mode and control registers for both the 
peripherals and the CPU are collectively known as 
special function registers. They are all memory- 
mapped between FFOOH and FFFFH and can be ac¬ 


cessed either by main memory addressing or by 1-byte 
sfr addressing. They are either 8 or 16 bits as required, 
and many of the 8-blt registers are capable of single-bit 
access as well. Locations FFDOH through FFDFH are 
known as the external SFR area Registers in external 
circuitry interfaced and mapped to these addresses 
can be addressed with SFR addressing. Table 1 is a list 
of the special function registers. 
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Table /, Special Function Registers _ 

Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

OFFOOH 

Porto 

PO 

R/W 

X 

X 

— 

Undefined 

0FF01H 

Port 1 

PI 

R/W 

X 

X 


Undefined 

0FF02H 

Port 2 

P2 

R 

X 

X 

— 

Undefined 

0FF03H 

Port 3 

P3 

R/W 

X 

X 

— 

Undefined 

0FF04H 

Port 4 

P4 

R/W 

X 

X 

— 

Undefined 

0FF05H 

Port 5 

P5 

R/W 

X 

X 

- 

Undefined 

0FF06H 

Porte 

P6 

R/W 

X 

X 

— 

xOH 

0FF07H 

Port 7 

P7 

R 

X 

X 

— 

Undefined 

OFFOAH 

Porto buffer register (low) 

POL 

R/W 

X 

X 

— 

Undefined 

OFFOBH 

Port 0 buffer register (high) 

POH 

R/W 

X 

X 

— 

Undefined 

OFFOCH 

Real-time output port control register 

RTPC 

R/W 

X 

X 

— 

OOH 

0FF10H-0FF11H 

16-bit compare register 0 (16-bit timer 0) 

CROO 

R/W 

— 

— 

X 

Undefined 

0FF12H-0FF13H 

16-bit compare register (16-bit timer 0) 

CR01 

R/W 

— 

— 

X 

Undefined 

0FF14H 

8 -bit compare register (8-bit timer 1) 

CR10 

R/W 

— 

X 

— 

Undefined 

0FF15H 

8 -bit compare register (8-bit timer/counter 2) 

CR20 

R/W 

— 

X 

— 

Undefined 

0FF16H 

8 -bit compare register (8-bit timer/counter 2) 

CR21 

R/W 

— 

X 

— 

Undefined 

0FF17H 

8 -bit compare register (8-bit timer 3) 

CR30 

R/W 

— 

X 

— 

Undefined 

0FF18H-0FF19H 

16-bit capture register (16-bit timer 0) 

CR02 

R 

— 

— 

X 

Undefined 

0FF1AH 

8 -bit capture register (8-bit timer/counter 2) 

CR22 

R 

— 

X 

— 

Undefined 

0FF1CH 

8 -bit capture/compare register (8-bit timer 1) 

CR11 

R/W 

— 

X 

- 

Undefined 

0FF20H 

Port 0 mode register 

PMO 

W 

- 

X 

— 

FFH 

0FF21H 

Port 1 mode register 

PM1 

W 

— 

X 

— 

FFH 

0FF23H 

Port 3 mode register 

PM3 

W 

— 

X 

— 

FFH 

0FF25H 

Port 5 mode register 

PM5 

W 

— 

X 

— 

FFH 

0FF26H 

Port 6 mode register 

PM6 

R/W 

X 

X 

— 

FxH 

0FF30H 

Capture/compare control register 0 

CRCO 

W 

— 

X 

— 

10H 

0FF31H 

Timer output control register 

TOC 

W 

— 

X 

— 

OOH 

0FF32H 

Capture/compare control register 1 

CRC1 

W 

— 

X 

— 

OOH 

0FF34H 

Capture/compare control register 2 

CRC2 

W 

— 

X 

— 

OOH 

0FF40H 

Pullup resistor option register 

PUO 

R/W 

X 

X 

— 

OOH 

0FF43H 

Port 3 mode control register 

PMC3 

R/W 

X 

X 

— 

OOH 

0FF50H-0FF51H 

16-bit timer register 0 

TMO 

R 

— 

— 

X 

OOOOH 

0FF52H 

8 -bit timer register 1 

TM1 

R 

_ 

X 

— 

OOH 

0FF54H 

8 -bit timer register 2 

TM2 

R 

_ 

X 

— 

OOH 

0FF56H 

8 -bit timer register 3 

TM3 

R 

— 

X 

— 

OOH 

0FF5CH 

Prescaler mode register 0 

PRMO 

W 

— 

X 

— 

OOH 

0FF5DH 

Timer control register 0 

TMCO 

R/W 

— 

X 

— 

OOH 

0FF5EH 

Prescaler mode register 1 

PRM1 

W 

— 

X 

— 

OOH 

0FF5FH 

Timer control register 1 

TMC1 

R/W 

— 

X 

— 

OOH 

0FF60H 

D/A converter value setting register 0 

DACSO 

R/W 

— 

X 

— 

OOH 
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Table 1. Special Function Registers (cont) _ 

Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

0FF61H 

D/A converter value setting register 1 

DACS1 

R/W 

— 

X 

— 

OOH 

0FF68H 

A/D converter mode register 

ADM 

R/W 

X 

X 

— 

OOH 

0FF6AH 

A/D conversion result register 

ADCR 

R 

— 

X 

— 

Undefined 

0FF70H 

PWM control register 

PWMC 

R/W 

— 

X 

— 

OSH 

0FF72H-0FF73H 

PWM modulo register 0 

PWMO 

W 

— 

— 

X 

Undefined 

0FF74H-0FF75H 

PWM modulo register 1 

PWM1 

W 

— 

— 

X 

Undefined 

0FF7DH 

One-shot pulse output control register 

OSPC 

R/W 

X 

X 

— 

OOH 

0FF80H 

Clocked serial interface mode register 

CSIM 

R/W 

X 

X 

— 

OOH 

0FF82H 

Serial bus interface control register 

SBIC 

R/W 

X 

X 

— 

OOH 

0FF86H 

Serial shift register 

SIO 

R/W 

— 

X 

— 

Undefined 

0FF88H 

Asynchronous serial interface mode register 

ASIM 

R/W 

X 

X 

— 

80H 

0FF8AH 

Asynchronous serial interface status 
register 

AS IS 

R 

X 

X 

— 

OOH 

0FF8CH 

Serial receive buffer: UART 

RxB 

R 

— 

X 

— 

Undefined 

0FF8EH 

Serial transmit shift register: UART 

TxS 

W 

— 

X 

— 

Undefined 

0FF90H 

Baud rate generator control register 

BRGC 

W 

— 

X 

— 

OOH 

OFFCOH 

Standby control register 

STBC 

R/W 

— 

X 

— 

OOOOxOOOB 

0FFC4H 

Memory expansion mode register 

MM 

R/W 

X 

X 

— 

20H 

0FFC5H 

Programmable wait control register 

PW 

R/W 

X 

X 

— 

80H 

0FFC6H 

Refresh mode register 

RFM 

R/W 

X 

X 

— 

OOH 

OFFCFH 

Memory size select register 

IMS 

W 

— 

X 

— 

Undefined 

OFFDOH-OFFDFH 

External SFR area 

— 

R/W 

X 

X 

— 

Undefined 

OFFEOH 

Interrupt request flag register L 

IFOL 

R/W 

X 

X 

— 

OOH 

OFFE1H 

Interrupt request flag register H 

IFOH 

R/W 

X 

X 

— 

OOH 

0FFE0H-0FFE1H 

Interrupt request flag register H 

IFO 

R/W 

— 

— 

X 

OOOOH 

0FFE4H 

Interrupt mask flag register L 

MKOL 

R/W 

X 

X 

— 

FFH 

0FFE5H 

Interrupt mask flag register H 

MKOH 

R/W 

X 

X 

— 

FFH 

0FFE4H-0FFE5H 

Interrupt mask flag register H 

MKOH 

R/W 

— 

— 

X 

FFFH 

0FFE8H 

Priority specification flag register L 

PROL 

R/W 

X 

X 

— 

FFH 

0FFE9H 

Priority specification flag register H 

PROH 

R/W 

X 

X 

— 

FFH 

0FFE8H-0FFE9H 

Priority specification flag register H 

IFO 

R/W 

— 

— 

X 

FFFH 

OFFECH 

Interrupt service mode specification flag 
register L 

ISMOL 

R/W 

X 

X 

— 

OOH 

OFFEDH 

Interrupt service mode specification flag 
register H 

ISMOH 

R/W 

X 

X 

— 

OOH 

OFFECH-OFFEDH 

Interrupt service mode specification flag 
register 

ISMO 

R/W 

— 

— 

X 

OOH 

0FFF4H 

External interrupt mode register 0 

INTMO 

R/W 

X 

X 

— 

OOH 

0FFF5H 

External interrupt mode register 1 

INTM1 

R/W 

X 

X 

— 

OOH 

0FFF8H 

Interrupt status register 

1ST 

R/W 

X 

X 

- 

OOH 


4d 
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JLIPD78238 Family 


Input/Output Ports 

There are up to 64 port lines on thejL/PD78234/238/P238 
and up to 46 port lines on the juPD78233/37. (Ports 4, 5, 
and two bits of port 6 are not available on the 
/iPD78233/237 since the /;PD78233/237 must always 


use external memory.) Table 2 lists the features of each 
port and figure 3 shows the structure of each port pin. 
The pin levels of all port 2, 3, and 7 pins can always be 
read or tested regardless of the dual pin function. 


Table 2. Digital Port Functions 


Port 

Operational Features 

Configuration 

Direct Drive 
Capability 

Software Pullup 

Resistor Connection 

Port 0 

8 -bit high impedance output 


Transistor 


Port 1 

8 -bit input or output 

Bit selectable 

LED 

Byte selectable, input bits only 

Port 2 

8 -bit Schmitt trigger input 



In 6 -bit unit (P 22 -P 27 ) 

Port 3 

8 -bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 4 

8 -bit input or output 

Byte selectable 

LED 

Byte selectable 

Port 5 

8 -bit input or output 

Byte selectable 

LED 

Byte selectable, input bits only 

Port 6 

4-bit output (bits 0 to 3) 

4-bit input or output (bits 4 to 7) 

Bit selectable 


In 4-bit unit, input bits only 

Port? 

8 -bit input 





Note: 


(1) Software pullup resistors can be internally connected only on a 
port-by-port bits to port bits set to input mode. Pullup resistors 
are not connected to port bits set to output mode. 


Real-time Output Port 

The real-time output port (RTPC) shares pins with port 
0. It can be used as two independent 4-bit real-time 
output ports or one 8-bit real-time output port. In the 
real-time output mode, data stored beforehand in the 
buffer registers, POH and POL, is transferred immedi¬ 
ately to the output latch of PO on the occurrence of a 
timer 1 interrupt (INTC10 or INTC11) or external inter¬ 
rupt (INTPO) (see figure 4). By using the real-time 
output port with the macro service function, port 0 can 
be used to output preprogrammed patterns at prepro¬ 
grammed variable time intervals. In this mode, two 
independent stepper motors can accurately be driven 
at a fixed or variable rate. 


4d 
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Figure 4 . Real-time Output Port 
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Analog-to-DigItal (A/D) Converter 

The /iPD78238 family A/D converter (see figure 5) uses 
the successive-approximation method for converting 
up to eight multiplexed analog inputs into 8-bit digital 
data The conversion time per input is 30/iS at 12 MHz 
operation. A/D conversion can be started by an exter¬ 
nal Interrupt, INTP5, or under software control. 

The A/D converter can operate in either scan mode or 
select mode. In scan mode, from one to eight sequen¬ 
tial Inputs can be programmed for conversion. The A/D 
converter selects each input in order, converts the 


Figure 5. A/D Converter 



data, stores it in the A/D conversion result (ADCR) 
register, and generates an Interrupt (INTAD). This con¬ 
verted data can be easily transferred to memory by 
using the macro service function. 

In select mode, only one of the eight A/D inputs can be 
selected for conversion. The ADCR register is continu¬ 
ally updated and can be read at any time. If the A/D 
converter is started by an external interrupt, an INTAD 
interrupt occurs at the completion of each conversion. 
If the A/D converter is started by software, no inter¬ 
rupts are generated. 
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Digital-to-Analog (D/A) Converter 

The /LiPD78238 family has two D/A converters as shown 
in figure 6. The 8-bit digital data, written to the DACSn 
register (n= 0, 1), selects one of the 256 taps on a 
resistor ladder between AVref 2 and AVrefs- The se¬ 
lected voltage becomes the analog output at the ANOn 
pin. The ANOn is a high-impedance output and requires 
an external buffer to drive a low-impedance load. 



Hardware Pulse-Width Modulated Outputs 

The )UPD78238 family has two 12-bit resolution pulse- 
width modulated (PWM) outputs (see figure 7) with a 
repetition rate of 23.4 kHz at 12 MHz (fcLK = 6 MHz). 
The polarity of each output can be selected under 
program control. The two PWM outputs, PWMO and 
PWM1, share pins with port 1, bits 0 and 1 respectively. 
These outputs are designed for controlling DC motors. 


Figure 7. Hardware Pulse-Width Modulator 
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Serial Interface 

The /iPD78238/P238 have two independent serial inter¬ 
faces. The first is a standard DART The UART (figure 8) 
permits full-duplex operation and can be programmed 
for 7- or 8-bits of data after the start bit, followed by one 
or two stop bits. Odd, even, zero or no parity can also 
be selected. The serial clock for the UART can be 
provided by an on-chip baud rate generator or timer 3. 
By using either the internal system clock or an external 
clock input into the ASCK pin, the baud rate generator 
is capable of generating all of the commonly used 
baud rates. The UART generates three interrupts: IN- 
TST (transmission complete), INTSR (reception com¬ 
plete), and INTSER (reception error). 


Figure 8. Asynchronous Serial Interface 
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The second interface is an 8-bit clock-synchronized 
serial interface (figure 9). It can be operated In either a 
three-wire serial I/O mode or NEC serial bus Interface 
(SBI) mode. 


Figure 9. Clock-Synchronized Serial interface 



20 






fiPD78238 Family 


In the three-wire serial I/O mode, the 8-bit shift register 
(SIO) is loaded with a byte of data and eight clock 
pulses are generated. These eight pulses shift the byte 
of data out of the SO line (MSB first) and in from the SI 
line providing full-duplex operation. This interface can 
also be set to receive or to transmit data only. The 
INTCSI interrupt is generated after each 8-bit transfer. 
One of three internal clocks or an external clock clocks 
the data. 

The NEC SBI mode is a two-wire high-speed proprietary 
serial Interface available on most devices in the NEC 
/iPD75xxx and pPD78xxx product lines. Devices are 
connected in a master/slave configuration (see figure 
10). There is only one master device at a time; all others 
are slaves. The master sends addresses, commands, 
and data over the serial bus line (SBO) usi ng a fixed 
hardware protocol synchronized with the SCK line. 
Each slave /iPD78238 family device can be pro¬ 
grammed in software to respond to any one of 256 
addresses. There are also 256 commands and 256 data 
types. Since all commands are user definable, any 
software protocol, simple or complex, can be defined. 
It is even possible to develop commands to change a 
slave Into a master and the previous master into a 
slave. 


Figure 10, SBi Mode Master/Slave Configuration 



Timers 


The /iPD78238 family has one 16-bit timer and three 
8-blt timers. The 16-bit timer counts the internal system 
clock (fcLK/8) while the three 8-blt timers can be pro¬ 
grammed to count a number of prescaled values of the 
internal system clock. One of the 8-bit timers can also 
count external events. 


Timer 0 consists of a 16-bit timer (TMO), two 16-bit 
compare registers (CROO and CR01), and a 16-bit cap¬ 
ture register (CR02). Timer 0 can be used as two 
interval timers, to output a programmable square wave 
or two pulse-width modulated signals, to measure pulse 
widths, or to generate a software-triggered one-shot 
pulse, (see figure 11). 

Timer 1 consists of an 8-bit timer (TM1), 8-blt compare 
register (CR10), and 8-bit capture/compare register 
(CR11). Timer 1 can be used as two interval timers or to 
measure pulse widths. In addition, it can be used to 
generate the output trigger for the real-ti me output port 
(see figure 12). 


Timer/counter 2 consists of an 8-bit timer (TM2), two 
8-bit compare registers (CR20 and CR21), and an 8-blt 
capture register (CR22). Timer/counter 2 can also be 
used as two interval timers, to output a programmable 
square wave or two pulse-width modulated signals, or 
to measure pulse widths. In addition, it can be used to 
count external events sensed on the Cl line or as a 
one-shot timer (see figure 13). 


4d 


Timer 3 consists of an 8-bit timer (TM3) and an 8-bit 
compare register (CR30). Timer 3 can be used as an 
interval timer or as a clock for the clock-synchronized 
serial Interface (see figure 14). 
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Figure 11. le-Bit Timer 0 
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Figure 12. 8-Bit Timer 1 
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Figure 13. 8-Bit Timer/Counter 2 
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Figure 14. 8~Bit Timer 3 
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Interrupts 

The/iPD78238 family has 18 maskable hardware inter¬ 
rupt sources; 6 are external and 12 are internal. Since 
there are only 16 interrupt vectors and sets of control 
flags, 2 of the 6 external maskable interrupts, INTP4 
and INTP5, share interrupt vectors and control flags 
with INTC30 and INTAD respectively. The active Inter¬ 
rupt source for each shared vector must be chosen by 
the program. In addition, there is one nonmaskable 
interrupt and one software interrupt. The software 
interrupt, generated by the BRK instruction, is not 
maskable (see table 3). 

Interrupt Servicing. The /iPD78238 family provides 
two levels of programmable hardware priority control 
and two different methods of handling maskable inter¬ 
rupt requests: standard vectoring and macro service. 
The programmer can choose the priority and mode of 
servicing each maskable interrupt by using the inter¬ 
rupt control registers. 

Interrupt Control Registers. The /iPD78238 family 
has four 16-bit interrupt control registers. Each bit in 
each register is dedicated to one of the 16 active 
maskable interrupt sources. The interrupt request flag 
register (IFO) contains an interrupt request flag for each 
Interrupt. The interrupt mask register (MKO) Is used to 
enable or disable any interrupt. The interrupt service 
mode register (ISMO) specifies whether an interrupt is 
processed by vectoring or macro service. The priority 
flag register (PRO) can be used to specify a high or a low 
priority level for each Interrupt. 

Two other 8-bit registers are associated with interrupt 
processing. The interrupt status register (1ST) indi¬ 
cates If a nonmaskable interrupt request on the NMI pin 
is being processed and can be used to allow nesting of 
nonmaskable interrupt requests. The IE and the ISP bits 
of the program status word are also used to control 
interrupts. If the IE bit Is zero, all maskable interrupts, 
but not macro service, are disabled. The IE bit can be 
set or cleared using the El and Dl instructions, respec¬ 
tively, or by directly writing to the PSW. The IE bit is 
cleared each time an interrupt is accepted. The ISP bit 
is used by hardware to hold the priority level flag of the 
interrupt being serviced. 


Interrupt Priority. The nonmaskable Interrupt (NMI) 
has priority over all other interrupts. Two hardware 
controlled priority levels are available for the maskable 
interrupts. Either a high or a low priority level can be 
assigned by software to each of the maskable Inter¬ 
rupts. Interrupt requests of a priority higher than the 
processor’s current priority level are accepted; re¬ 
quests of the same or lower priority are held pending 
until the processor’s priority state Is lowered by pro¬ 
gram control within the current service routine or by a 
return instruction from the current service routine. 

Interrupt requests programmed to be handled by 
macro service have priority over all vectored Interrupt 
service regardless of the assigned priority level, and 
macro service requests are accepted even when the 
interrupt enable bit i n the PSW is set to the disable state 
(see figure 15). 

Figure 15. Interrupt Service Sequence 


Interrupt Request —i— xxMK = 1 (Interrupt Masked) Interrupt Pending. 
•— xxM K = 0 (Unmasked) 

—xxISM = 1 Macro Service. 

—xxISM = 0 Vectored Interrupt Service. 


— Dl Vectored Interrupt Pending. 

— El Vectored Interrupt 

_83YL-9181A 


The default priorities listed in table 3 are fixed by 
hardware and are effective only when it Is necessary to 
choose between two Interrupt requests of the same 
software assigned priority. For example, the default 
priorities would be used after the completion of a high 
priority routine if two interrupts of the same priority 
routine were pending. 

The software interrupt, initiated by the BRK Instruc¬ 
tion, is executed regardless of the processor’s priority 
level and the state of the IE bit. It does not alter the 
processor’s priority level. 
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TabiB 3. 

Interrupt Sources and Vector Addresses 



Interrupt 

Request 

Type 

Default 

Priority 

Interrupt Request Generation Source 

Macro Service 
Type 

Vector 

Table 

Address 

Software 

None 

BRK instruction execution 

— 

003EH 

Nonmaskable None 

NMI (pin input edge detection) 

— 

0002H 

Maskable 

0 

INTPO (pin input edge detection) 

A, B 

0006H 


1 

INTP1 (pin input edge detection) 

A, B 

0008H 


2 

INTP2 (pin input edge detection) 

A, B 

OOOAH 


3 

INTP3 (pin input edge detection) 

B 

OOOCH 


4 

INTCOO (TMO-CROO coincidence signal generation) 

B 

0014H 


5 

INTC01 (TM0-CR01 coincidence signal generation) 

B 

0016H 


6 

INTC10 (TM1-CR10 coincidence signal generation) 

A, B, C 

0018H 


7 

INTC11 (TM1-CR11 coincidence signal generation) 

A, B, C 

001 AH 


8 

)NTC21 (TM2-CR21 coincidence signal generation) 

A, B 

001CH 


9 

INTP4 (pin input edge detection) 

B 

OOOEH 



INTC30 (TM3-CR30 coincidence signal generation) 

A, B 



10 

INTP5 (pin Input edge detection) 

B 

0010H 



INTAD (end of A/D conversion) 

A, B 



11 

INTC20 (TM2-CR20 coincidence signal generation) 

A, B 

0012H 


12 

INTSER (generation of asynchronous serial interface receive error) 

— 

0020H 


13 

INTSR (end of asynchronous serial Interface reception) 

A, B 

0022H 


14 

INTST (end of asynchronous serial interface transmission) 

A, B 

0024H 


15 

INTCSI (end of clocked serial interface transmission) 

A, B 

0026H 


Vectored Interrupt. When vectored interrupt is 
specified for a given interrupt request, (1) the program 
status word and the program counter are saved on the 
stack, (2) the processor’s priority is set to that speci¬ 
fied for the interrupt, (3) the IE bit in the PSW is set to 
zero, and (4) the routine whose address is in the 
interrupt vector table Is entered. At the completion of 
the service routine, theRETI Instruction (RETB instruc¬ 
tion for the software interrupt) reverses the process 
and the /iPD78238 family device resumes the inter¬ 
rupted routine. 

Macro Service 

When macro service is specified for a given interrupt, 
the macro service hardware temporarily stops the 
executing program and begins to transfer data be¬ 
tween the special function register area and the mem¬ 
ory space. One byte is transferred each interrupt. When 
the data transfer Is complete, control is returned to the 
executing program, providing a completely transpar¬ 
ent method of interrupt service. Macro service signifi¬ 
cantly improves response time and makes it unneces¬ 
sary to save any registers. 


For each request on the interrupt line, one operation is 
performed, and an 8-or 16-bit counter is decremented. 
When the counter reaches zero, a vectored interrupt 
service routine Is entered according to the specified 
priority. 

Macro service is provided for all of the maskable inter¬ 
rupt requests except INTSER, the asynchronous serial 
Interface receive error interrupt request. Each interrupt 
request has a dedicated macro service control word 
stored in Internal RAM (see figure 16). The function to 
be performed is specified In the control word. 

The /iPD78238 family provides three different types of 
macro service transfers: 

Macro Service Type A. A byte of data is transferred 
in either direction between a special function register, 
preassigned for each interrupt request, and a buffer in 
internal RAM (FExx). Only the 8-bit macro service 
counter is available for Type A transfers. The preas¬ 
signed SFRs for the 12 interrupt requests that support 
macro service Type A transfers are listed In table 4. 
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Figure 16. Macro Service Control Word Map 

OFEDFH Channel Pointer 
OFEDEH Mode Register 
OFEDDH Channel Pointer 
OFEDCH Mode Register 
OFEDBH Channel Pointer 
OFEDAH Mode Register 
0FED9H Channel Pointer 
0FED8H Mode Register 
0FED7H Channel Pointer 
0FED6H Mode Register 
0FED5H Channel Pointer 
0FED4H Mode Register 
0FED3H Channel Pointer 
0FED2H Mode Register 
0FED1H Channel Pointer 
OFEDOH Mode Register 
OFECFH Channel Pointer 
OFECEH Mode Register 
OFECDH Channel Pointer 
OFECCH Mode Register 
OFECBH Channel Pointer 
OFECAH Mode Register 
0FEC9H Channel Pointer 
0FEC8H Mode Register 
0FEC7H Channel Pointer 
0FEC6H Mode Register 
0FEC5H Channel Pointer 
0FEC4H Mode Register 
0FEC3H Channel Pointer 
0FEC2H Mode Register 


Table 4. Macro Service Type A Interrupts and 
_ Assigned SFRs _ 


Interrupt Request 

Source/Destination SFR 

INTC10: TM1-CR10 coincidence 

CR10: Timer 1 8 -bit compare 
register 

INTC11: TM1-CR11 coincidence 

CR11: Timer 1 8 -bit capture/ 
compare register 

INTC20: TM2-CR20 coincidence 

CR20: Timer 2 8 -bit compare 
register 

INTC21: TM2-CR21 coincidence 

CR21: Timer 2 8 -bit compare 
register 

INTC30: TM3-CR30 coincidence 

CR30: Timer 3 8 -bit compare 
register 

INTSR: End of asynchronous serial 
interface reception 

RxB: Serial receive buffer 

INTST: End of asynchronous serial 
interface transmission 

TxS: Serial transmit shift 
register 

INTCSI: End of clocked serial 
interface transmission 

SIO: Serial shift register 

INTAD: End of A/D conversion 

ADCR: A/D conversion result 
register 

INTPO: External Interrupt pin P0i 

CR11: Timer 1 8 -bit capture/ 
compare register 

INTP1: External interrupt pin PO 2 

CR22: Timer 2 8 -bit capture 
register 

INTP2: External interrupt pin PO 3 

TM2: Timer 2 8 -bit timer 
register 


INTSR 

INTST 

INTCSI 

INTC10 

INTC11 

INTP4/INTC30 

INTP5/INTAD 

INTCOO 

INTC01 

INTC20 

INTC21 

INTPO 

INTP1 

INTP2 

INTP3 
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Macro Service Type B. A byte of data is transferred 
in either direction between any specified special func¬ 
tion register and a buffer anywhere in the 64K byte 
address space. Macro service Type B transfers can be 
initiated by any maskable interrupt except INTSER. 

Macro Service Type C. A byte of data is transferred 
from a buffer anywhere in the 64K byte address space to 
one of the 8-bit compare registers of timer 1. At the 
same time, a second byte of data is transferred from a 
buffer anywhere in the 64K byte address space to the 
real-time output port buffer. The macro service counter 
can be programmed either to be an 8- or 16-bit counter. 
Macro service Type C transfers can be initiated by 
INTC10 with data transferred to CR10 and POL or POH, 
or by INTC11 with data transferred to CR11 and POL or 
POH. 

In addition, the macro service Type C transfer can be 
initialized to automatically alter timer compare regis¬ 
ter values or to repeatedly output a prespecified pat¬ 
tern at a fixed or variable rate. By using macro service 
Type C transfers to control the real-time output ports, 
the /iPD78238 family device can easily and accurately 
drive two Independent stepper motors. 

Refresh 

The refresh signal Is used with any pseudostatic RAM 
equivalent of the NECa/PD 428128. The refresh cycle can 
be set to one of four intervals: 16, 32, 64, or 128/fcLK 
(2.6, 5.3, 10.7, and 21.3 )L/s at 12 MHz). The refresh cycle 
is timed to follow a read or write operation to avoid 
interference with external memory access cycles. 


Standby Modes 

HALT and STOP modes are provided to reduce power 
consumption when CPU action Is not required. In HALT 
mode, the CPU is stopped but the system clock con¬ 
tinues to run. The HALT mode is released by any 
unmasked interrupt, an external NMI, or an external 
reset pulse. In STOP mode, both the CPU and the 
system clock are stopped, further minimizing the 
power consumption. The STOP mode Is released by 
either an external reset pulse or an external NMI. The 
HALT and STOP modes are entered by programming 
the standby control register (STBC). This register Is a 
protected location and can be written to only by a 
special Instruction. If the third and fourth bytes of the 
instruction are not complements of each other, the 
data is not written and the next instruction is exe¬ 
cuted. 


External Reset 


The /;PD7 8238 fa mily is reset by taking the RESET pin 
low. The RESET input pin contains a noise filter to 
protect against spuriou s syste m resets caused by 
noise. On power-up, the RESET pin must remain low 
until the power supply reaches its operating voltage 
and the oscillator has stabilized. During re,set, the 
program counter is loaded with the address contained 
in the reset vector table (address OOOOH- 0001 H); pro- 
gram execution starts at that address upon the RESET 
pin going high. While RESET is low, all external lines 
except Vss. Vdd. AVss. AVrefi. AVref 2 « AVrefs* ^nd 
X2 are in the high impedance state. 
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ELECTRICAL SPECIFICATIONS 


Operating Conditions 




Absolute Maximum Ratings 

Ta = + 25 °c 


Oscillation Frequency 


Ta 


Q 

Q 

> 


^XX = 4 to 12 MHz 

-40 to +85“C 

+ 5 V ±10% 







Operating voltage, Vqd 

AVdd 

AVss 

-0.5 to -F7.0V 

AVss toVoD+O.SV 
-0.5 to -f- 0.5 V 

Capacitance 

Ta = +25°C: Vdd = '^ss 

= OV. 




Item Symbol 

Max 


Unit 

Conditions 

Input voltage, V|i 

V |2 (Note 1 for/iPD78P238) 

-0.5 to Vdd + 0-5 V 
-0.5 to +13.5 V 


Input C| 

20 


pF 

f = 1 MHz; pins 

Output voltage, Vq 

-0.5 to Vdd +0.5V 

capacitance 




not used for 

Output Cq 

capacitance 

20 


PF 

measurement 

Low-level output current, Iql 

Per pin 

Total, all output pins 

15 mA 


are at 0 V 

100 mA 

Input/output C|o 

20 


pF 


High-level output current, Iqh 

Per pin 

Total, all output pins 


capacitance 





-10 mA 
-50 mA 

External Clock Operation 




A/D converter reference 
input voltage, AVrep^ 

-0.5 to Vdd + 0-3 V 

Ta = -40 to +85°C; Vdd 

= +5 V 10%; Vss = 0 V 

item 

Symbol 

Min 

Max 

Unit Conditions 

D/A converter reference 

-0.5 to Vdd + 0-3 V 
-0.5 to Vdd + 0-3 V 

XI input low-level width 

twXL 

30 

130 

ns 

input voltage, AVrep 2 

AVref3 

XI input high-level width 

tWXH 

30 

130 

ns 

XI input rise time 

^XR 


30 


Operating temperature, Tqpt 

-40 to +85°C 

0 

ns 

XI input fall time 



30 


Storage temperature, Tstg 

-65 to +150°C 

^XF 

0 

ns 

XI input clock cycle time 

^CYX 

82 

250 


Note: 


ns 







(1) MODE/Vpp and PZ-j/INTPO/Ag in programming mode 

Exposure to absolute maximum ratings for extended periods may 
affect device reliability; exceeding the rating could cause permanent 
damage. The device should be operated within the limits specified 







under DC and AC chracteristics. 

DC Characteristics 


Ta = -40 to +85°C; Vdd = 

AVdd ~ + 5 V 

±10%; Vss = AVss 

= OV 




Item 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Low-level input voltage 

VlL 

0 


0.8 

V 


High-level input voltage 

V|H1 

2.2 


Vdd 

V 

Except the specified pins (Note 1) 


V|H2 

0.8 Vdd 


Vdd 

V 

Specified pins (Note 1) 

Low-level output voltage 

VoL1 



0.45 

V 

I-ql — 2.0 mA 


VoL2 



1.0 

V 

Iql = 8-0 mA (Note 2) 

High-level output voltage 

Vqhi 

VdD"'*-® 



V 

Iqh = ““l-O mA 


V0H2 

Vdd “0.5 



V 

lOH = -100 ^A 


VoH3 

2.0 



V 

Iqh = "3-0 mA (Note 3) 

XI low-level input current 

l|L 



-100 

fjA 

0 V < V| < V|L 

XI high-level input current 

l|H 



100 

fjA 

V|H2 ^ V| < Vdd 

Input leakage current 

Ili 



±10 

fjA 

OV < V| < Vdd 

Output leakage current 

Ilo 



±10 

UA 

ov< Vo< Vdd 

Vdd power supply current 

•ddi 


20 

40 

mA 

Operating mode, fxx = 12 MHz 


•dD2 


7 

20 

mA 

HALT mode, fxx = 12 MHz 

Data retention voltage 

Vdddr 

2.5 


5.5 

V 

STOP mode 
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DC Characteristics (cont) 

Item 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Data retention current 

■dddr 



10 


STOP mode; Vqqqr = 2.5 V 





20 


STOP mode; = 5 V ±10% 

Pullup resistor 

Rl 

15 

40 

80 


V| = OV 

Notes: 


(1) XI, X2, RESET, P2o/NMI, P2i/INTP0, P 29 /INTP 1 .P2.VINTP2/CI, (2) Pins PIq - PI 7 , PVADq - P 47 /AD 7 , and PSq/As - P 57 /A 15 . 

P 24 /INTP 3 , P 25 /INTP 4 /ASCK, P26/INTP5, P 27 /SI, P 32 /SCK, PS^/ , 3 V p. p^ 

SO/SBO, and MODE pins. ' ^ ° 


AC Characteristics—Read/Write Operation 

Ta = -40 to +85°C; Vop = +5V ±10%; Vss = OV; fxx = 12 MHz; Cl = 100 pF 


Item 

Symbol 

Calculation Formula (Note 2, 3) 

Min 

Max 

Unit 

Conditions 

XI input clock cycle time 

ICYX 

— 

82 

250 

ns 


Address setup time to ASTB 1 

ISAST 

tcYX - 30 

52 


ns 


Address hold time from ASTB i (Note 1 ) 

Ihsta 

— 

25 


ns 


Address hold time from RDt 

Ihra 

— 

30 


ns 


Address hold time from WR t 

Ihwa 

— 

30 


ns 


Address to RD i delay time 

Idar 

2 tcYX - 35 

129 


ns 


Address float time to RD A 

IPAR 

1cYX/2 - 30 

11 


ns 


Address to data input time 

Idaid 

(4+2n)tcYX-100 


228 

ns 

No wait states 

ASTB A to data input time 

Idstid 

(3+2n)tcYX ~ 33 


181 

ns 

No wait states 

RD i to data input time 

Idrid 

(2+2n)tcYX - 3^ 


100 

ns 

No wait states 

ASTB Ho RD i deiay time 

Idstr 

ICYX - 30 

52 


ns 


Data hold time from RD t 

Ihrid 

— 

0 


ns 


RD t to address active time 

Idra 

2 tCYX - 40 

124 


ns 


RD t to ASTB t delay time 

Idrst 

2 tcYX - 40 

124 


ns 


RD low-level width 

IWRL 

(2+2n)tcYX“40 

124 


ns 

No wait states 

ASTB high-level width 

IWSTH 

tcYX - 30 

52 


ns 


Address to WR 1 delay time 

Idaw 

2 tcYX - 35 

129 


ns 


ASTB i to data output time 

Idstod 

ICYX + 30 


142 

ns 


WR i to data output time 

Idwod 

— 


60 

ns 


ASTB 1 to WR i delay time 

Idstwi 

tcYX - 30 

52 


ns 



tDSTW2 

2 tcYX - 35 

129 


ns 

Refresh mode 

Data setup time to WR t 

ISODWR 

(3+2n)tcYX-100 

146 


ns 

No wait states 

Data setup time to WR 1 

ISODWF 

tcYX - 30 

22 


ns 

Refresh mode 

Data hold time from WR t (Note 1 ) 

Ihwod 

— 

20 


ns 


WR t to ASTB t delay time 

Idwst 

tcYX - 40 

42 


ns 


WR low-level width 

IWWLI 

(3+ 2n)t0YX “ 30 

196 


ns 

No wait states 


1WWL2 

(2-l-2n)tQYX “ 30 

114 


ns 

Refresh mode; No wait 
states 

Address to WAIT i input time 

Idawt 

31cyx~ 130 


146 

ns 


ASTB i to WAIT A input time 

Idstwt 

2 tcYX - 30 


84 

ns 


miT hold time from ASTB 4 

Ihstwt 

2 XtcYX + 10 

174 


ns 

One external wait state 

ASTB 4 to S/mf t delay time 

Idstwth 

2(1 + X)tcYX-35 


273 

ns 

One external wait state 










fiPD78238 Family 



AC Characteristics—Read/Write Operation (cont) 

Item 

Symbol 

Calculation Formula (Note 2, 3) 

Min 

Max 

Unit 

Conditions 

RD i to WAIT input time 

^DRWTL 

tcYX - 60 


22 

ns 


WAIT hold time from RD 1 

^HRWT 

(2X-1)tcYX + 5 

87 


ns 

One external wait state 

RD i to WAIT t delay time 

Idrwth 

(2X+1)tcYX-60 


186 

ns 

One external wait state 

WAIT t to data Input time 

Idwtid 

tcYX-20 


62 

ns 


t to WR t delay time 

toWTW 

2tcYX - 10 

154 


ns 


WAIT t to RD t delay time 

Idwtr 

tcYX - 10 

72 


ns 


WR 4 to WAIT 1 Input time 

Idwwtl 

tcYX ~ 60 


22 

ns 

Refresh disabled 

WAIT hold time from WR i 

Ihwwti 

{2X-1)tcYX + 5 

87 


ns 

One external wait state; 
refresh disabled 


tHWWT2 

2(X-1)tcYX + 5 

5 


ns 

One external wait state; 
refresh enabled 

WR i to mrf t delay time 

^dwwthi 

{2X+1)tcYX-60 


186 

ns 

One external wait state; 
refresh disabled 


1DWWTH2 

2XtcYX ■■ 60 


104 

ns 

One external wait state; 
refresh enabled 

RD t to REFRQ 4 delay time 

Idrrfq 

2tcYX-10 

154 


ns 


WR t to REFRQ i delay time 

bWRFQ 

o 

i 

1 

72 


ns 


REFRQ low-level width 

Vrfql 

2tcYX-44 

120 


ns 


REFRQ t to ASTB t delay time IdrfQST 

4tcYX-48 

280 


ns 



Notes: 

(1) The hold time Includes the time during which Vqh and Vql are 
retained under the following load conditions: Cl = 100 pF and 
Rl = 2 kQ 

(2) n indicates the number of internal wait states. 

(3) X indicates the number of external wait states (1, 2, 3,...) 


30 








NEC 


i[iPD78238 Family 


Serial Port Operation 

Ta = -40 to +85°C; Vdq = +5 V ±10%; ¥33 = 0 V; fxx = 

12 MHz; Cl = 100 pF 




Item 


Symbol 

Min 

Max 

Unit 

Conditions 

Serial clock cycle time 


^CYSK 

1.0 


AiS 

External clock input 




1.3 


fJQ 

Internal clock/16 output 




5.3 


JUS 

Internal clock/64 output 

Serial clock low-level width 


%SKL 

420 


ns 

External clock input 




556 


ns 

Internal clock/16 output 




2.5 


/is 

Internal clock/64 output 

Serial clock high-level width 


%SKH 

420 


ns 

External clock input 




556 


ns 

Internal clock/16 output 




2.5 


/is 

Internal clock/64 output 

SI, SBO setup time to SCK t 


tsSSK 

150 


ns 


SI, SBO hold time from SCK T 


^HSSK 

400 


ns 


SO/SBO output delay time from SCK i 

^DSBSKI 

0 

300 

ns 

CMOS push-pull output 
(3-line serial I/O mode) 



^DSBSK2 

0 

800 

ns 

Open-drain output 
(SBI mode), Rl = 1 kO 

SBO high, hold time from SCK t 

^HSBSK 

4 


'CYX 

SBI mode 

SBO low, setup time to SCK 1 


^SSBSK 

4 


tCYX 

SBI mode 

SBO low-level width 


%SBL 

4 


^CYX 


SBO high-level width 


%SBH 

4 


tCYX 


A/D Converter Operation 

Ta = -40 to -l-85°C: Vdd = AVdd +5V 

± 10 %: Vss = AVss 

= OV 




Item 

Symbol 

Min Typ 

Max 

Unit 

Conditions 


Resolution 


8 


Bit 



Full-scale error (Note 1) 



0,4 

% 

AVrefi = 4.0 V to AVdd: Ta = -io to +70"C 




0.8 

% 

AVrefi = 3.4 V to AVdd 




0.6 

% 

AVrefi = 4.0 V to AVdd 

Quantization error 



± 1/2 

LSB 



Conversion time 

^CONV 

240 


^CYX 

82 ns < tQYx ^ 

250 ns 

Sampling time 

tSAMP 

48 


^CYX 

82 ns < tcYX - 

250 ns 

Analog input voltage 

V|AN 

-0.3 

AVrefi + 

V 



Analog input impedance 

Ran 

1000 


MO 



Analog reference voltage 

AVrefi 

3.4 

AVdd 

V 



AVrefi current 

AIrefi 

1.5 

3.0 

mA 

fxx = 12 MHz 




0.7 

1.5 

mA 

Note 2 


AVqd current 

AIdD 1 

1.4 

3.0 

mA 

fxx = 12 MHz 



AIdD2 

10 

20 

/iA 

Note 3 



Notes: 

(1) Quantization errror is not included. Unit is defined as percent of 
full-scale value. 

( 2 ) When CS bit of the ADM register is set to 0. 

(3) When CS bit of the ADM register is set to 0 in the STOP mode. 


4d 


31 







PPD78238 Family 


D/A Converter Operation 

T/^ = -40 to +85°C; AVrep 2 = Vqq 

= +5V ±10 %; AVref 3 = Vss = 

OV 




Item 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Resolution 


8 



Bit 


Overall Error 




0.4 

% 

Load conditions: 4 MQ 30 pF 





0.6 

% 

Load conditions: 2 MQ 30 pF 





0.6 

% 

AVreF2 = 0.75 Vdd 

AVreF3 = 0.25 Vdd 

Load conditions: 4 MQ 30 pF 





0.8 

% 

aVref2 = 0.75 Vdd: 
aVref3 = 0.25 Vdd: 

Load conditions: 2 MCi 30 pF 

Setting time 

Undefined 



10 

fJS 

Load conditions: 2 MQ 30 pF 

Analog reference voltage 2 

VaVREF2 

0.75 Vdd 


Vdd 

V 


Analog reference voltage 3 

VavREF3 

0 

0.25 Vdd 

V 



Reference power Input current 2 

AIref2 

0 

5 

mA 



Reference power input current 3 

AIreF3 

-5.0 

0 

mA 



Output resistance 

Ro 


20 


kQ 

DACSO, DACS1 set to 7FH 


Interrupt Timing Operation 

Ta = -40 to +85°C; Ypp = +5 V ±10%; Vss = 0 V 


Item 

Symbol Min 

Max Unit Conditions 

NMI low-level width 

*WNIL 

10 

fJS 

NMI high-level width 

tWNIH 

10 


INTP0-INTP5 low-level width 

twiTL 

24 

<CYX 

INTP0-INTP5 high-level width twrrH 

24 

tCYX 

RESET low-level width 

%RSL 

10 


RESET high-level width 

'WRSH 

10 

A/S 
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Data Retention Characteristics 

Ta = -40 to +85°C 

Item 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Data retention voltage 

VdDDR 

2.5 


5.5 

V 

STOP mode 

Data retention current 

•dddr 


2 

10 

/iA 

VdddR = 2.5 V 




5 

20 

fjA 

VdDDB = 5V ±10% 

Vqd rise time 

♦rvd 

200 



fJS 


Vqd ^®il time 

tpVD 

200 



A/s 


Vqd retention time 
(from STOP mode setting) 

<HVD 

0 



ms 


STOP release signal input time 

tOREL 

0 



ms 


Oscillation stabilization wait time 

tWAIT 

30 



ms 

Crystal resonator 



5 



ms 

Ceramic resonator 

Low-level input voltage 

V|L 

0 


O '* Vqddr 

V 

Specified pins (Note 1) 

High-level input voltage 

V|H 

0.9 Vqqqr 


Vqddr 

V 

Specified pins (Note 1) 


Note: 

( 1 ) RESET, P 2 o/NMI, P 2 i/(NTP 0 , P22/INTPI, P 2 .VINTP 2 /C{. P24/ 
INTP 3 , P25/INTP4/ASCK, P 26 /INTP 5 , P27/SI, PSg/SCK, P33/SO/ 
SBO, and MODE pins. 


Recommended Crystal Resonators Recommended Ceramic Resonators 

(iuPD78233/234 only) _ (|nPD78233/234 only)_ 


Frequency 

Manufacturer (MHz) 

Part 

Number 

Cl (pF) 

C2 (pF) 

Manufacturer 

Frequency 

(MHz) 

Part Number 

Cl (pF) 

BW 4d 

Kinseki 12 

HC-49/U 

18 

18 

Murata mfg. 

12 

CSA12.0MT 

30 

30 




CST12.0MTW 

None (1) 

None (1) 

Kyocera Corp. 

12 

KBR12.0M 

33 

33 


Notes: 

(1) Cl and C2 are contained In the resonator. 


Recommended Resonator Circuit 



Ceramic or crystal resonator frequency f xx - 4 to 12 MHz 
External oscillation circuit should be as close to the XI arKf 
X2 pins as possible 

Do not place other signal lines in the shaded area 


Recommended Externai Clock Circuit 


Clock 



Clock frequency fxx~4to12MHz 
in STOP mode, X1 is Internally shorted to V 33 to prevent 
leakage current. Therefore, STOP mode Is not available 
when using this external clock circuit. 
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Timing Waveforms 

Voltage Thresholds for AC Timing Measurements 


0.8 Vdd or 2.2 V V 

08 V A _ 

_83YL-922aA 


Vdd-1 

0.45 V 


X 


Read Operation 
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Timing Waveforms (cont) 


Write Operation 
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Timing Waveforms (cont) 


External WAIT Signal Input (Read Operation) 
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Timing Waveforms (cont) 
Refresh After Read 


ASTB 


REFRQ 


^WRFQL 


_^ i 

i 



/ 

t 

^ tDRRFQ ^ 

.7 




1 ^ ^DRFQST ^ 


F 


Refresh After Write 


ASTB 


REFRQ 


^WRFQL 


_ i 

L 



1 

_ / 

t 

^ toWRFQ ^ 

.7 




1^ *DRFQST ^ 


F 
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interrupt Input 



External Clock 
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^PD78P238 PROGRAMMING 

In the jL/PD78P238, the mask ROM of ^PD78234 is re¬ 
placed by a one-time programmable ROM (OTP ROM) 
or a reprogrammable, ultraviolet erasable ROM (UV 
EPROM). The ROM is 32K x 8 bits and can be pro¬ 
grammed using a general-purpose PROM writer with a 
/iPD27C256A programming mode. 

The PA-78P238GC/GJ/LQ/KF are the socket adaptors 
used for configuring the /iPD78P238 to fit a standard 
PROM socket. 

Refer to tables 5 and 6 and figures 17 through 19 for 
special information applicable to PROM programming. 


Table 5. Pin Functions During PROM 
_ Programming _ 


Pin 

Pin* 

Function 

PO 0 -PO 7 

Aq-A 7 

Address input pins for PROM 
operations 

PSo/Ag 

As 

Address input pin for PROM 
operations 

P2i/INTP0 

A9 

Address input pin for PROM 
operations 

Pin 

Pin* 

Function 


Table 5. Pin Functions During PROM 
_ Programming (cont) _ 


Pin 

Pin* 

Function 

Table 5. 

Pin Functions During PROM Programming 

Pin 

Pin* 

Function 

P52/Aio- 

A10- 

Address input pins for PROM 

P56/Ai4 

Ai4 

operations 

P4o/ADo - 

Do- 

Data pins for PROM operations 

P 47 /AD 7 

D 7 


P 65 /WR 

CE 

Strobes data into the PROM 

P64/m 

OE 

Enables a data read from the 
PROM 

RESET 

RESET 

PROM programming mode 
requires applying a low voltage to 
this pin 

MODE 

Vpp 

High voltage applied to this pin 
for program write/verify 

Vdd 

Vdd 

Positive power supply pin 

Vss 

Vss 

Ground 


* Pin name in PROM programming mode. 


Table 6. Summary of Operation Modes for PROM Programming 


Mode 

RESET 


OE 

Vpp 

Vdd 

Dq - D 7 

Program write 

L 

L 

H 

+ 12.5 V 

+ 6 V 

Data input 

Program verify 

L 

H 

L 

+12.5 V 

+ 6 V 

Data output 

Program inhibit 

L 

H 

H 

+12.5 V 

+ 6 V 

High Z 

Read out 

L 

L 

L 

+ 5V 

+ 5V 

Data output 

Output disable 

L 

L 

H 

+ 5V 

+ 5V 

HighZ 

standby 

L 

H 

L/H 

+ 5V 

+ 5V 

HighZ 


Note: When -f-12.5 V is applied to Vpp and +6 V to V^d, both CE and 
OE cannot be set to low level (L) simultaneously. 


4d 
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Pin Functions in /iPD78P238 PROM Programming Mode 
Figure 17. SO-Pin Plastic QFP 




|xPD78P238GC 


( 1 ) L: Connect these pins separately to V33 through 

resistors. 

( 2 ) V33: Connect these pins to V33. 

( 3 ) Open: Do not connect these pins. 

( 4 ) RESET: Set to a low level. 


-^teOCSIr-OC OOt».<DU)rteO 

jrjrjrjrjr2 <QQDQCi 
< < < < < ^ 
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Pin Functions in /aPD 78P238 PROM Programming Mode (cont) 

Figure 18. 84-Pin PLCC 


B— 




JJIPD78P238LQ 




tJ gs.-* 
[3 > o 


Of-CMCO-'tlOONC 
<<<<<<<< ® 
O 


( 1 ) L: Connect these pins separately to Vs3 through 

resistors. 

( 2 ) V33: Connect these pins to V33. 

( 3 ) Open: Do not connect these pins. 

( 4 ) RESET: Set to a low level. 
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Pin Functions in /tPD78P238 PROM Programming Mode (cont) 


Figure 19. 94-Pin Piastic QFP 94-Pin Ceramic LCC with Window 


I 





CO 




(1) L: Connect these pins separately to V33 through 

resistors. 

( 2 ) V33: Connect these pins to V33. 

( 3 ) Open: Do not connect these pins. 

( 4 ) RESET: Set to a low level. 

83YL-S209B 
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PROM Write Procedure 

( 1 ) Set the pins not used for programming as indi¬ 
cated in figures 17 through 19. Connect the RESET 
pin to a Ic^level and apply + 5 V to the Vdd and Vpp 
pin. The CE and OE pins should be high. 

(2) Apply +6 V to the Vqd pin and +12.5 V to the Vpp 
pin. 

(3) Provide the initial address to the Aq to A 14 pins. 

(4) Provide write data. 

(5) Provide 1-ms program pulse (active low) to the ^ 
pin. 

( 6 ) This data Is now verified with a pulse (active low) to 
the OE pin. If the data has been written, proceed to 
step 8 ; If not, repeat steps 4 to 6 . If the data cannot 
be correctly written after 25 attempts, go to step 7. 

(7) Classify as defective and stop write operation. 

( 8 ) Provide write data and supply program pulse (for 
additional writing) for 3 ms times the number of 
writes performed In step 5. 

(9) Increment the address. 

(10) Repeat steps 4 to 9 until the end address. 


PROM Read Procedure 

( 1 ) Set the pins not used for progra mming a s indicated 
In figures 17 through 19. Fix the RESET pin to a l ow 
level and apply +5 V to the Vdd and Vpp pin. The CE 
and OE pins should be high. 

(2) Input the address of the data to be read to pins 

Aq - A14. 

(3) Read mode is ent^d with a pulse (active low) on 
both the CE and OE pins. 

(4) Data is output to the Do to D 7 Pins. 

EPROM Erasure 

Data in an EPROM is erased by exposing the quartz 
window in the ceramic package to light having a wave¬ 
length shorter than 400 nm, including ultraviolet rays, 
direct sunlight, and fluorescent light. To prevent unin¬ 
tentional erasure, mask the window. 

Typically, data is erased by 254-nm ultraviolet rays. A 
minimum lighting level of 15 Ws/cm2 (ultraviolet ray 
intensity x exposure time) is required to completely 
erase written data. Erasure by an ultraviolet lamp rated 
at 12 mW/cm2 takes approximately 15 to 20 minutes. 
Remove any filter on the lamp and place the device 
within 2.5 cm of the lamp tubes. 


DC Programming Characteristics 

Ta = 25 ±5°C; Vpp > 4.5 V; Vss = 0 V 


Parameter 

Symbol 

Symbol* 

Min 

Typ 

Max 

Unit 

Conditions 

High-level input voltage 

V|H 

V|H 

2.4 


VdDP+0.3 

V 


Low-level input voltage 

V|L 

V|L 

-0.3 


0.8 

V 


Input leakage current 

>LIP 

Ili 



10 

//A 

o< V|< Vddp 

High-level output voltage 

VoH1 

VoH 1 

2.4 



V 

IqH = -400/iA 


VoH2 

VoH2 

Vdd-0.7 



V 

•oh = “'•00 

Low-level output voltage 

VoL 

Vol 



0.45 

V 

loH = 2.1 mA 

Output leakage current 

■lo 




10 

iuA 

0<Vo^Vddp. OE = V|H 

Vddp power voltage 

Vddp 

VcC 

5.75 

6.0 

6.25 

V 

Program memory write mode 




4.5 

5.0 

5.5 

V 

Program memory read mode 

Vpp power voltage 

Vpp 

Vpp 

12.2 

12.5 

12.8 

V 

Program memory write mode 





Vpp = Vddp 


V 

Program memory read mode 

Vddp power current 

•ddp 

Ice 


5 

30 

mA 

Program memory write mode 





5 

30 

mA 

Program memory read mode 
CE = V,L, V| = V,H 

Vpp power current 

ipp 

Ipp 


5 

30 

mA 

Program memory write mode 
CE = V,L, OE = V|H 





1 

100 

AtA 

Program memory read mode 


* Corresponding symbols of the jL/PD27C256A. 
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NEC 


AC Programming Characteristics (Write Mode) 

Ta = 25 ±5°C: Vpp s 4.5 V; Vss = 0 V; Vqd = 6 ±0.25 V; Vpp = 

12.5 ±0.3 V 




Parameter 

Symbol 

Symbol 

* Min Typ 

Max 

Unit 

Conditions 

Address setup time to CE i 

%AC 

Us 

2 


^s 


Data input to ^ 1 delay time 

^HOID 

tOES 

2 


JUS 


Input data setup time to CE 1 

tSlDC 

bs 

2 


JUS 


Address hold time from CE t 

^HCA 

Uh 

2 


JUS 


Input data hold time from CE t 

^HCID 

^DH 

2 


fJS 


Output data hold time from OE t 

<H00D 

^DF 

0 

130 

ns 


Vpp setup time to CE i 

tsvpc 

Vps 

1 


ms 


Vddp setup time to CE 1 

tSVDC 

Vcs 

1 


ms 


Initial program pulse width 

Vli 

tpw 

0.95 1.0 

1.05 

ms 


Additional program pulse width 

tWL2 

^OPW 

2.85 

78.75 

ms 


OE i to data output time 

^DOOD 

tOE 


150 

ns 


* Corresponding symbols of the /iPD27C256A. 






AC Programming Characteristics (Read Mode) 

Ta = 25 ±500; Vpp a 4.5 V; Vpp = 5 ±0.5 V; Vpp = Voop; Vss = 

= OV 




Parameter 

Symbol 

Symbol* 

Min Typ 

Max 

Unit 

Conditions 

Address to data output time 

^DAOD 

Ucc 


200 

ns 

—I 

> 

II 

im 

lo 

II 

iUJ 

lo 

CE 4 to data output time 

^DCOD 

tCE 


200 

ns 

_i 

> 

II 

ILU 

io 

OE 4 to data output time 

^DOOD 

^OE 


75 

ns 

> 

II 

IIU 

lo 

Data hold time from OE t 

^HCOD 

^DF 

0 

60 

ns 

> 

II 

lo 

Data hold time from address 

^HAOD 

k)U 

0 


ns 

_i 

> 

II 

lUJ 

lo. 

II 

luu 

lo 

* Corresponding symbols of the //PD27C256A. 
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PROM Timing Diagrams (cont) 
PROU Read Mode 
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iuPD78244 Family 
(JUPD78243/244) 

NEC Electronics Inc. 8-Bit, K-Series Microcontrollers With 

A/D Converter, EEPROM, Real-Time Output Ports 

__September 1993 



Description 

The /iPD78243 and /L/PD78244 are members of the 
K-Series® of microcontrollers and are designed for 
real-time embedded control applications. The 
/iPD78244 family Is pin compatible with the ^PD78214 
and /iPD78218A families and offers 512 bytes of 
EEPROM (electrically erasable programmable read¬ 
only memory) with enhanced timer and macro service 
facilities. These 8 -bit, single-chip microcontrollers 
have a minimum Instruction time of 333 ns at 12 MHz 
(500 ns for the /L/PD78243). They feature 8 -bit hardware 
multiply and divide instructions, four banks of main 
registers, an advanced interrupt handling facility, a 
powerful set of memory mapped on-chip peripherals, 
and the ability to address up to 1 M bytes of external 
data memory. On-board memory includes 512 bytes of 
RAM, 512 bytes of EEPROM, and 16K bytes of mask 
ROM. 

The advanced interrupt handling facility provides two 
levels of programmable hardware priority control and 
two separate methods of servicing Interrupt requests: 
vectored and macro service. The macro service facility 
reduces the overhead involved in servicing peripheral 
interrupts by transferring data between the memory- 
mapped special function registers (SFRs) and memory 
without the use of time consuming interrupt service 
routines. In addition, the macro service facility can be 
initialized to automatically alter timer compare regis¬ 
ter values or to repeatedly output a prespecified pat¬ 
tern at a fixed or variable rate. By using macro service 
to control the real-time output ports, the ;iPD78244 can 
easily and accurately drive two independent stepper 
motors. 

The combination of the macro service facility, four 
banks of main registers, EEPROM, extended data 
memory address space, and powerful on-chip periph¬ 
erals makes these devices ideal for applications In 
office automation, communication, HVAC, and indus¬ 
trial control. 


K-Series is a registered trademark of NEC Electronics, Inc. 

NEC is manufacturing and selling this product (with on-chip 
EEPROM) under microcomputer patent license with BULL CPS. This 
product should not be used in 1C cards (SMART CARD). 


Features 

□ Complete single-chip microcontroller 

— 8 -blt ALU 

— Program memory (ROM) 
fjPD78243: ROMIess 
juPD78244: 16K bytes 

— Data memory (RAM) 

RAM: 512 bytes 
EEPROM: 512 bytes 

□ Pin compatible with /iPD78214 and /iPD78218A 
families 

□ Powerful instruction set 

— 8 -bit unsigned multiply and divide 

— 16-bit arithmetic Instructions 

— 1 -bit and 8 -blt logic instructions 

□ Minimum Instruction time 

— 333 ns at 12 MHz (iL/PD78244) 

— 500 ns at 12 MHz {}jPD7S2A3) 

□ Memory expansion 

— 8085 bus-compatible 

— 64K program address space 

— 1M data address space 

° Large I/O capacity 

— Up to 54 I/O port lines on /iPD78244 

— Up to 36 I/O port lines on /iPD78243 

— Software programmable pull up resistors 

□ Memory-mapped on-chip peripherals (special 
function registers) 

□ Timer/counter unit 

— 16-bit timer 0 : 

Two 16-bit compare registers 
One 16-blt capture register 
One external Interrupt/capture line 

— 8 -bit timer 1 : 

One 8 -bit compare register 
One 8 -bit capture/compare register 
One external Interrupt/capture line 

— 8 -blt timer/counter 2 : 

Two 8 -bit compare registers 
One 8 -bit capture register 
One external Interrupt/capture line 
One external event counter line 

— 8 -bit timer 3: 

One 8-bit compare register 

□ Four 8 -bit precision timer-controlled pulse-width 
modulated (PWM) output lines 
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Features (cont) Pin Configurations 


° Two 4-bit (or one 8-bit) real-time output ports 

□ Eight-channel 8-blt A/D converter 

□ Programmable priority interrupt controller (two 
levels) 

□ Two methods of interrupt service 
—Vectored Interrupts 

— Macro service mode with choice of three 
different types 

□ Two-channel serial communication interface 
—Asynchronous serial interface (UART) 

Dedicated baud rate generator 
-Clock-synchronized interface 
Full-duplex, three-wire mode 
NEC serial bus interface (SBI) mode 

□ Refresh output for pseudostatic RAM 

□ STOP and HALT standby functions 
° 5-volt CMOS technology 


Ordering Information 


Part Number 

Package (Package Dwg.) 

ROM 

/iPD78243CW 

64-pin plastic shrink DIP 
(P64C-70-750A,C) 

ROMIess 

/iPD78243GC-AB8 

64-pin plastic QFP 
(P64GC-80-AB8-2) 


juPD78244CW-xxx 

64-pin plastic shrink DIP 
(P64C-70-750A,C) 

16K mask ROM 

juPD78244GC-xxx 

64-pin plastic QFP 
(P64GC-80-AB8-2) 



XXX indicates ROM code suffix 


64-Pin Shrink DiP (Piastic) 


PO 3 C 


84 

□ PO 2 

PO 4 C 

2 

83 

□ PO 1 

PO 5 C 

3 

82 

□ POq 

POeC 

4 

81 

□ P 37 /TO 3 

POyC 

5 

80 

□ P3Qn02 

P67/REFRCyAN7 C 

B 

59 

□ P 35 /TOI 

PBe/WAIT/ANB C 

7 

58 

□ P 34 /TOO 

PB 5 /WR C 

8 

57 

□ PTq/ANO 

PB 4 /RDC 

9 

58 

□ P7i /AN1 

P 63 /A 19 C 

10 

55 

□ P72/AN2 

PB 2 /A 18 L 

11 

54 

□ P 73 /AN 3 

PB 1 /A 17 C: 

12 

53 

□ P 74 /AN 4 

PB 0 /A 16 C 

13 

52 

□ P 75 /AN 5 

RESETC 

14 

51 

□ AVref 

X2C 

15 

50 

3AVss 

XlC 

18 

49 

^ Vdd 


17 

48 

□ EA 

P 57 /A 15 c 

18 

47 

□ P 33 /SO/SBO 

P56/Ai4 ^ 

19 

48 

□ P32/SCK 

P 55 /A 13 ^ 

20 

45 

□ P 31 /TxD 

P 54 /A 12 ^ 

21 

44 

□ P3o/RxD 

P53/A^-| C 

22 

43 

□ P 27 /SI 

P52/Aio l: 

23 

42 

□ P26/INTP5 

P5i /Ag C 

24 

41 

□ P25/INTP4/ASCK 

PSo/AgC 

25 

40 

□ P24/INTP3 

P 47 /AD 7 C 

28 

39 

□ P23/INTP2^CI 

P46/AD6C: 

27 

38 

□ P22/INTP1 

P 45 /AD 5 C 

28 

37 

□ P2i /INTPO 

P 44 /AD 4 c 

29 

38 

□ P20/NMI 

P 43 /AD 3 C: 

30 

35 

□ ASTB 

P42/AD2 L 

31 

34 

I] P40/AD0 


32 

33 

□ P41 /ADi 
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Pin Configurations (cont) 

64-Pin Plastic QFP 


<D K . _ _ 

£ £ £ £ 

n n n n 


P 64 mo c 1 

PBa/Aig C 2 
P62/A18 C 3 
Pei/AtyC 4 
P6o/Aie c 5 
RESET C 6 
X2C 7 
XI C 8 

VSS1=9 
P 57 /A -15 (I 10 

P56/A14 C 11 
P 55 /A 13 C 12 

P54/A-12 ^ 13 
P53/A11 C 14 

P 52 /A 10 15 

PSi/AgC 16 


s s ^ s s 


CD U> CO 
‘ £ £ £ 
a nn, 


CMt-OKCOIO^O 

£££££££^ 

nn,n □ a.,QQ.n- 




o 


NCOOOr- 
T- T- r- CM CM 


• T T TJTITJ T]' 

CO 
< 


CO N CD 10 «t 


IP N CO to ^ 
2 ? ? ? ? 
(L Q. 0 . OL 



48 □ P7i /AN1 
47 □ P72/AN2 
46 □P73/AN3 
45 □ P74/AN4 
44 □ P75/AN5 
43 DAVref 
42 DAVss 
41 DVoO 
40 DEA 

39 □ P33 /SO/SBO 
38 □ P32/SCK 
37 □P3i/TxD 
36 □ P3o/RxD 
35 □ P27/SI 
34 □ P26/INTP5 
33 □ P25/INTP4/ASCK 
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jifPD78244 Family 


Pin Functions; Normai Operating Mode 

Symbol 

First Function 

Symbol 

Second Function 

PO 0 -PO 7 

Port 0; 8 -bit tristate output port/reai time output port 



P 2 o 

Port 2; 8 -bit input port 

NMI 

External nonmaskable interrupt 

P 2 i 

P22 


INTPO 

INTP1 

Maskable external interrupt 

P23 


INTP2 

Cl 

Maskable external interrupt 

External clock Input to timer/counter 2 

P24 


INTP3 

Maskable external interrupt 

P25 


INTP4 

ASCK 

Maskable external interrupt 

Asynchronous serial clock input 

P26 


INTP5 

Maskable external interrupt 

P27 


SI 

Serial data input for three-wire serial I/O mode 

P3o 

Port 3; 8 -bit, bit-selectable tristate input/output port 

RxD 

Asynchronous serial receive data input 

P3i 


TxD 

Asynchronous serial transmit data output 

P32 



Serial shift clock input/output 

P33 


SO 

SBO 

Serial data output for three-wire serial I/O mode 
I/O bus for NEC serial bus interface (SBI) 

P34 - P 37 


TO0-TO3 

Timers TO to T3 outputs 

P4o-P47 

Port 4; 8 -bit tristate input/output port 

ADq-AD 7 

Low-order 8 -bit multiplexed address/data bus 

P5o-P57 

Port 5; 8 -bit, bit-selectable tristate input/output port 

As ■ Ai5 

High-order 8 -blt address bus 

P 60 -P 63 

Port 6 ; 4-bit output port 

Ai6-Ai9 

Extended memory address bus 

P 64 

Port 6 ; 4-bit, bit-seiectabie tristate input/output port 

RD 

External memory read strobe output 

P65 


WR 

External memory write strobe output 

P66 


Wsf 

AN 6 

External memory wait signal input 

Analog voltage Input to A/D converter 

P 67 


REFRQ 

AN7 

Refresh pulse output used by external 
pseudostatic memory 

Analog voltage input to A/D converter 

P7o-P75 

Port 7; 6 -bit input port 

AN0-AN5 

Analog voltage inputs to A/D converter 

ASTB 

Address strobe output used to latch the 
low-order 8 address for external memory 



RESET 

External system reset input 



EA 

Internal ROM or external memory control signal input. Low- 
ievel input selects external memory. High-level input selects 
internal ROM. A low-level input on a /jPD 78244 places the 
device in ROMIess mode and external memory is accessed. 



X1 

Crystal/ceramlc resonator connection or 
external clock input 



X2 

Crystal/ceramic resonator connection or 
inverse of external clock 



AVref 

A/D converter reference voltage 



AVss 

A/D converter ground 



Vdd 

+5 volt power supply input 



Vss 

Power supply ground 



NC 

No connection 
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jiPD78244 Family 


Block Diagram 


Bus Control 


SFR Address/Data Bus 


P2o/NMI — 

P2i /INTPO-Nj 

P2q/INTP5- ^ 

P3o/RxD — 

P3i yrxD ^ 
P 25 /INTP 4 / — 
ASCK 

P32/^ 
P33/SCySB0 ^ 
P 27 /SI — 

INTP3 - 
P 34 /TOO ^ 
P 35 /TOI ^ 


Programmable 

interrupt 

Controller 


iT 

UART 


Baud Rate 
Generator 


Clock Serial 
Interface 




Timer 0 lA-\| 

(16 Bits) |V-i/| 


INTPO 


INTP1 

P 23 /INTP 2 /CI 

P3e/T02 

P 37 /TO 3 


Timer 1 
(8 Bits) 




Timer/ 
Counter 2 
(8 Bits) 




Timer 3 1/^—Nj 
(8 Bits) |W| 


POo-POa Cl 

P04-P07<Z 


Real-Time 
Output Port 
(4 Bits X 2) 




AN0-AN7 . 

AVref - 
AVSS- 
INTP5- 


3 

A/D 

—^ 

Converter 




Peripheral RAM 
256 Bytes 




EEPROM 
512 Bytes 




Addn 

3SS Bus 

TTT- 

..tftttlJ 

LCd 

PCf 


P6 o/Ai6 - 

P 63 /A 19 
PSo/Ag- 
P 57 /A 15 
P4o/ADo- 
\\-y P47/AD7 


P 64 /RD 



Peripheral Bus l/F 




Port 


POq P 2 o P 3 o P 4 o PSq PSq Pe4 ^0 

-PO7 -P27 -POy -P47 •P57 -P63 -P67 -P75 
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jiiPD78244 Family 


Differences Among the ^PD78244, /iPD78218A, 
and #4PD78214 



The juPD78244 family is a pin compatible enhanced 
version of the ^PD78218A and /iPD78214 families. Table 

1 highlights the differences. 



Table 1, Differences Among the /uPD78244, fiPD78218A and mPD 78214 Families 


Item 

pPD78244 Family 

jtiPD78218A Family 

^iPD78214 Family 

Maximum on-chip ROM 

16K bytes 

32K bytes 

16K bytes 

Maximum on-chip RAM 

512 bytes 

1024 bytes 

512 bytes 

On-chip E EPROM 

512 bytes 

None 

None 

16-bit timer 

Software-triggered one-shot 
pulse output 

Software-triggered one-shot 
pulse output 

Not available 

Internal interrupt sources 

14 

12 

12 

Macro service counter 

8/16 bit selectable (except Type 

A transfers) 

8/16 bit selectable (except Type 

A transfers) 

8 -bit only 

Type C macro service pointers, 
MPT and MPD 

Increments full 16 bits 

Increments full 16 bits 

Increments only lower 8 bits 

Macro service execution times 

Same 

Same 

Different; refer to hardware 
user’s manual 

PUSH PSW instruction 
execution times 

Same 

Same 

Different; refer to software 
user’s manual 

Oscillation stabilization time 
when exiting STOP mode 

Time equivalent to NMI active 
pulse width plus 16 bits of 
dedicated counter or 15 bits of 
dedicated counter 

Time equivalent to NMI active 
pulse width plus 16 bits of 
dedicated counter or 15 bits of 
dedicated counter 

Time equivalent to NMI active 
pulse width plus 16 bits of 
dedicated counter 

A/D converter reference voltage 

3.6 V to Vdd 

3.6 V to Vdd 

3.4 V to Vdd 

Operating temperature 

-10 to +70°C 

-40to+85°C 

-40to-l-85°C 

Programmable device operating 
voltage 

No programmable device 

5V ±0.3 V 

5 V ±10% 

Package 

64-pin plastic shrink DiP 

64-pin plastic shrink DIP 

64-pln plastic shrink DIP 


64-pin plastic QFP 

64-pin plastic QFP 

64-pin plastic QFP 



64-pin shrink cerdip w/window 

64-pin shrink cerdip w/window 

64-pin plastic QUIP 

68 -pln PLCC 

74-pin plastic QFP 


FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) 

The //PD78244 CPU features 8- and 16-bit arithmetic 
including an 8 x 8-bit unsigned multiply and 16 x 8-bit 
unsigned divide (producing a 16-bit quotient and an 
8 -blt remainder). The multiply executes in 3.67 ^s and 
the divide in 12.36 /iS at 12 MHz (4.00 and 12.69 /is 
respectively for /iPD78243). 


A CALLT vector table and a CALLF program area 
decrease the number of bytes in the call instructions 
for commonly used subroutines. A 1-byte call instruc¬ 
tion (CALLT) can access up to 32 subroutines through 
the addresses contained in the CALLT vector table. A 
2-byte call instruction (CALLF) can access any routine 
beginning at a specific address In the CALLF area. 

The internal system clock (fcLK) is generated by divid¬ 
ing the oscillator frequency by two. Therefore, at the 
maximum oscillator frequency of 12 MHz, the internal 
system clock Is 6 MHz. The minimum instruction exe- 
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JIIPD78244 Family 


Figure 1. Memory Map 







OOOOOH 


OOOOOH 

Interrupt Vector 




On-Chlp ROM 

0003FH 

Address Table Area 




00040H 

CALLT Table Area 



16,384 Bytes 



0007FH 





5 (Must be external ^ 
memory 

In HPD78243) 

- 00080H 

007FFH 

Program Area 




00800H 

CALLF Entry 






'I 

' Area 'I 



03FFFH 


V OOFFFH 




04000H 






X 01000H 





P External Memory d 




OFBFFH 


N. ^ 

Program Area i 

k 


OFCOOH 

On-Chlp EEPROM 

\ 03FFFH 



OFCFFH 

512 Bytes 




saddr Addressing 

OFDOOH 

On-Chlp RAM 

OFDOOH 

Peripheral 

RAM 

/ 0FE20H 




and 


/ 

General RAM 



Register Area 

OFDFFH r 


/ 



OFFFFH 


. Internal RAM \ 

General Storage 

0FEC1H 



10000H 


Registers 

0FEC2H 

Macro Service 



External 

\ OFFOOH ^ 

OFEDFH 

Control Words 



Memory 


OFEEOH 




N (Expanded ^ 

Address 

Area) 

' \ 

Special Function 
Register Area 

\ OFEFFH 

\ OFFOOH 

General Registers 

32 Bytes of SFR Area 


FFFFFH 


\ OFFFFH 


\oFF1FH 








83YL-9203B 


cution time for an instruction fetched from internal 
ROM is 333 ns (500 ns when fetched from external 
memory). 

Memory Space 

The/JPD78244 family has a 1 M byte address space (see 
figure 1 ). The first 64K bytes of this address space 
(OOOOOH-OFFFFH) can be used as both program and 
data memory. The remaining 960K bytes of this address 
space (10000H-FFFFFH) can only be used as data 
memory and is known as expanded memory. 

External Memory 

The fjPD78244 family has an 8 -blt wide external data 
bus and a 16-blt wide external address bus ( 20 -blt wide 
if expanded memory is enabled). The low-order 8 bits 
of the address bus are multiplexed to provide the 8 -bit 
data bus and are supplied by I/O port 4. The high-order 
address bits of the 16-bit address bus are taken from 
port 5. If expanded memory Is enabled, the expanded 
address nibble Is provided by P 6 o to P63. Address latch, 
read, and write strobes are also provided. 

The memory expansion mode register (MM) is used to 
enable external memory, to specify up to two addi¬ 


tional wait states or the use of the WAIT input pin for the 
first 64K bytes of memory, and to enable the high-speed 
internal ROM fetch. Ports 4, 5, and 6 are available as 
general purpose I/O ports when only internal ROM is 
used and no external program or data space is re¬ 
quired. 

Expanded Data Memory 

The MM register Is also used to enable the external 
expanded data memory space, addresses 10000H to 
FFFFFH. When the expanded data memory is enabled, 
the entire 1M byte address space Is divided into 16 
banks of 64K bytes each. The low-order 4-bits of the P 6 
or the PM 6 registers are used as bank selection regis¬ 
ters to supply the address information to to A 19 . 
Data can easily be transferred from one memory bank 
to another by using the appropriate instructions. Ad¬ 
dress lines Ai 6 to A 19 are only active when an instruc¬ 
tion that uses expanded addressing Is being executed. 
A programmable wait control register (PW) allows the 
programmer to sp ecify u p to two additional wait states 
or the use of the WAIT Input pin for expanded data 
memory space. 
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PPD78244 Family 


On-Chip RAM 


CPU Control Registers 


The/iPD78244 family has a total of 512 bytes of on-chip 
RAM. The upper 256-byte area (FEOOH-FEFFH) features 
high-speed access and is known as “Internal RAM.” The 
remaining 256 bytes (FDOOH-FDFFH) are accessed at 
the same speed as external memory and is known as 
“Peripheral RAM.” The general register banks and the 
macro service control words are stored in Internal RAM. 
The remainder of Internal RAM and any unused register 
bank locations are available for general storage. 

On-Chip E EPROM 

The/iPD78244 family has 512 bytes of on-chip EEPROM 
(FBOOH-FCFFH) usable as internal data memory. A user 
program can read from it or write to it using most of the 
same instructions available for use with internal RAM. 
Any address of the EEPROM can be read at any time 
even during a write cycle at the same address. Data is 
read from EEPROM at the same speed as from periph¬ 
eral RAM and the EEPROM is guaranteed for 100,000 
repetitive rewrites. 

Each write cycle, consisting of an auto erase cycle 
followed by an auto write cycle, takes approximately 
10 ms to complete. On completion of a write cycle, an 
EEPROM write termination interrupt (INTEPW) is gen¬ 
erated. If another write cycle is started before the 
previous cycle is finished, an EEPROM write error 
Interrupt (INTEER) will be generated. Two status flags 
are also available to indicate whether a write operation 
is currently in progress and whether a write error has 
occurred. 

The EEPROM can be write protected in 128-byte 
blocks. The area to be protected can be assigned and 
enabled only once following reset. It cannot be 
changed once it has been set by the program. 

On-ChIp Program Memory 

The /iPD78244 contains 16K bytes of Internal ROM. 
Instructions from on-chip program memory can be 
fetched at high speed or at the same rate as from 
external memory. The /iPD78243 does not have on-chIp 
program memory. 


Program Counter. The program counter is a 16-blt 
binary counter register that holds the address of the 
next instruction to be executed. During reset, the 
program counter Is loaded with the address stored In 
locations OOOOH and 0001H. 

Stack Pointer. The stack pointer is a 16-bit register 
that holds the address of the last item pushed onto the 
stack. It Is decremented before new data Is pushed 
onto the stack and Incremented after data is popped 
off the stack. 

Program Status Word. The program status word 
(PSW) is an 8-bit register that contains flags that are 
set or reset depending on the results of an instruction. 
This register can be written to or read from 8 bits at a 
time. The individual flags can also be manipulated on a 
bit-by-bit basis. The assignment of PSW bits follows. 


7 0 


IE 

Z 

RBS1 

AC 

RBSO 

0 

ISP 

CY 


CY 

ISP 

RBSO, RBS1 
AC 
Z 
IE 


Carry flag 

Interrupt priority status flag 
Register bank selection flags 
Auxiliary carry flag 
Zero flag 

Interrupt request enable flag 


General Registers 

The general-purpose registers (figure 2) consist of four 
banks of registers located at addresses FEEOH to 
FEFFH In Internal RAM. Each bank consists of eight 
8 -bit general registers that can also be used in pairs to 
function as four 16-bit registers. Two bits in the PSW 
(RBSO and RBS1) specify which of the register banks Is 
active. The bits are set under program control. Regis¬ 
ters have both functional names (like A, X, B, C for 8-bit 
registers and AX, BC for 16-bit registers) and absolute 
names (like R1, RO, R3, R2 for 8-blt registers and RPO, 
RP1 for 16-bit registers). Each Instruction determines 
whether a register is referred to by Its functional or 
absolute name and whether it is 8 or 16 bits. 
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fiPD78244 Family 


Figure 2. Genera! Registers 


OFEEOH 


OFEFFH 


Register 

Bank 

3 


FbrS-BIt 

Processing 


For 16-Blt 
Processing 


0FEF9H 

(R1)A 

(RO)X 

0FEF8H 

(RPO) AX 


(R3)B 

(R2)C 


(RP1) BC 


(R5)D 

(R4)E 


(RP2) DE 

OFEFFH 

(R7)H 

(R6)L 

OFEFEH 

(RP3) HL 


( ) = Absolute Name 


0FEF8H 

OFEFAH 

OFEFCH 

OFEFEH 


Addressing 


Special Function Registers 


The jLiPD78244 family features 1-byte addressing of 
both the special function registers and the portion of 
on-chip RAM from FE20H to FEFFH. The 1-byte sfr 
addressing accesses the entire SFR area, while the 
1-byte saddr addressing accesses the first 32 bytes of 
the SFR area and 224 bytes of Internal RAM. The 16-bit 
SFRs and words of memory in these areas can be 
addressed by 1-byte saddrp addressing, which is valid 
for even addresses only. Since many instructions use 
1 -byte addressing, access to these locations is almost 
as fast and versatile as access to the general registers. 
There are seven addressing modes for data In main 
memory: direct, register, register Indirect with autoin¬ 
crement and decrement, saddr, SFR, based, and in¬ 
dexed. There are also both 8-bit and 16-bit Immediate 
operands. 


The input/output ports, timers, capture and compare 
registers, and mode and control registers for both the 
peripherals and the CPU are collectively known as 
special function registers. They are all memory- 
mapped between FFOOH and FFFFH and can be ac¬ 
cessed either by main memory addressing or by 1-byte 
sfr addressing. They are either 8 or 16 bits as required, 
and many of the 8-bit registers are capable of single-bit 
access as well. Locations FFDOH through FFDFH are 
known as the external SFR area. Registers in external 
circuitry interfaced and mapped to these addresses 
can be addressed with SFR addressing. Table 2 Is a list 
of the special function registers. 
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ffPD78244 Family 


Table 2. Special Function Registers 

Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

state After Reset 

OFFOOH 

Port 0 

PO 

R/W 

X 

X 

— 

Undefined 

0FF02H 

Port 2 

P2 

R 

X 

X 

— 

Undefined 

0FF03H 

Port 3 

P3 

R/W 

X 

X 

— 

Undefined 

0FF04H 

Port 4 

P4 

R/W 

X 

X 

— 

Undefined 

0FF05H 

Port 5 

P5 

R/W 

X 

X 

— 

Undefined 

0FF06H 

Port 6 

P6 

R/W 

X 

X 

— 

xOH 

0FF07H 

Port 7 

P7 

R 

X 

X 

— 

Undefined 

OFFOAH 

Port 0 buffer register (low) 

POL 

R/W 

X 

X 

— 

Undefined 

OFFOBH 

Port 0 buffer register (high) 

POH 

R/W 

X 

X 

— 

Undefined 

OFFOCH 

Real-time output port control register 

RTPC 

R/W 

X 

X 

— 

OOH 

0FF10H-0FF11H 

16-bit compare register 0 (16-bit timer 0) 

CROO 

R/W 

— 

— 

X 

Undefined 

0FF12H-0FF13H 

16-bit compare register (16-bit timer 0) 

CR01 

R/W 

— 

— 

X 

Undefined 

0FF14H 

8 -bit compare register (8-bit timer 1) 

CR10 

R/W 

— 

X 

— 

Undefined 

0FF15H 

8 -bit compare register (8-bit timer/counter 2) 

CR20 

R/W 

— 

X 

— 

Undefined 

0FF16H 

8 -bit compare register (8-bit timer/counter 2) 

CR21 

R/W 

— 

X 

— 

Undefined 

0FF17H 

8 -bit compare register (8-bit timer 3) 

CR30 

R/W 

— 

X 

— 

Undefined 

0FF18H-0FF19H 

16-bit capture register (16-bit timer 0) 

CR02 

R 

— 

— 

X 

Undefined 

0FF1AH 

8 -bit capture register (8-bit timer/counter 2) 

CR22 

R 

- 

X 

- 

Undefined 

0FF1CH 

8 -bit capture/compare register (8-bit timer 1) 

CR11 

R/W 

— 

X 

— 

Undefined 

0FF20H 

Port 0 mode register 

PMO 

W 

— 

X 

— 

FFH 

0FF23H 

Port 3 mode register 

PM3 

W 

— 

X 

— 

FFH 

0FF25H 

Port 5 mode register 

PM5 

W 

— 

X 

— 

FFH 

0FF26H 

Port 6 mode register 

PM6 

R/W 

X 

X 

— 

FxH 

0FF30H 

Capture/compare control register 0 

CRCO 

W 

— 

X 

— 

10H 

0FF31H 

Timer output control register 

TOC 

W 

— 

X 

— 

OOH 

0FF32H 

Capture/compare control register 1 

CRC1 

W 

— 

X 

— 

OOH 

0FF34H 

Capture/compare control register 2 

CRC2 

W 

— 

X 

— 

OOH 

0FF40H 

Pullup resistor option register 

PUO 

R/W 

X 

X 

— 

OOH 

0FF43H 

Port 3 mode control register 

PMC3 

R/W 

X 

X 

— 

OOH 

0FF50H-0FF51H 

16-bit timer register 0 

TMO 

R 

— 

— 

X 

OOOOH 

0FF52H 

8 -bit timer register 1 

TM1 

R 

— 

X 

— 

OOH 

0FF54H 

8 -bit timer register 2 

TM2 

R 

— 

X 

— 

OOH 

0FF56H 

8 -bit timer register 3 

TM3 

R 

— 

X 

— 

OOH 

0FF5CH 

Prescaler mode register 0 

PRMO 

W 

— 

X 

— 

OOH 

0FF5DH 

Timer control register 0 

TMCO 

R/W 

— 

X 

— 

OOH 

0FF5EH 

Prescaler mode register 1 

PRM1 

W 

— 

X 

— 

OOH 

0FF5FH 

Timer control register 1 

TMC1 

R/W 

— 

X 

— 

OOH 

0FF68H 

A/D converter mode register 

ADM 

R/W 

X 

X 

— 

OOH 

0FF6AH 

A/D conversion result register 

ADCR 

R 

— 

X 

— 

Undefined 

0FF78H 

EEPROM write control register 

EWC 

R/W 

X 

X 

— 

00110100B 
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Table 2. Special Function Registers (cent) 


Address 

Register (SFR) 

Symbol 

R/W 

Access Units (Bits) 

1 8 16 

State After Reset 

0FF7DH 

One-shot pulse output control register 

OSPC 

R/W 

X 

X 

— 

OOH 

0FF80H 

Clocked serial interface mode register 

CSIM 

R/W 

X 

X 

— 

OOH 

0FF82H 

Serial bus interface control register 

SBIC 

R/W 

X 

X 

— 

OOH 

0FF86H 

Serial shift register 

SIO 

RAV 

— 

X 

— 

Undefined 

0FF88H 

Asynchronous serial interface mode register 

ASIM 

R/W 

X 

X 

— 

80H 

0FF8AH 

Asynchronous serial interface status register 

AS IS 

R 

X 

X 

— 

OOH 

0FF8CH 

Serial receive buffer: UART 

RxB 

R 

— 

X 

— 

Undefined 

0FF8EH 

Serial transmit shift register: UART 

TxS 

W 

— 

X 

— 

Undefined 

0FF90H 

Baud rate generator control register 

BRGC 

W 

— 

X 

— 

OOH 

OFFCOH 

Standby control register 

STBC 

R/W 

— 

X 

— 

OOH 

0FFC4H 

Memory expansion mode register 

MM 

R/W 

X 

X 

— 

20H 

0FFC5H 

Programmable wait control register 

PW 

R/W 

X 

X 

— 

80H 

0FFC6H 

Refresh mode register 

RFM 

R/W 

X 

X 

— 

OOH 

OFFDOH-OFFDFH 

External SFR area 

— 

R/W 

X 

X 

— 

Undefined 

OFFEOH 

Interrupt request flag register OL 

IFOL 

R/W 

X 

X 

— 

OOH 

0FFE1H 

Interrupt request flag register OH 

IFOH 

R/W 

X 

X 

— 

OOH 

0FFE0H-0FFE1H 

Interrupt request flag register 0 

IFO 


— 

— 

X 

OOOOH 

0FFE2H 

Interrupt request flag register 1L 

IF1L 

R/W 

X 

X 


xxxxxxOOB 

0FFE4H 

Interrupt mask flag register OL 

MKOL 

R/W 

X 

X 

— 

FFH 

0FFE5H 

Interrupt mask flag register OH 

MKOH 

R/W 

X 

X 

— 

FFH 

0FFE4H-0FFE5H 

Interrupt mask flag register 0 

MKO 

R/W 

— 

— 

X 

FFFFH 

0FFE6H 

Interrupt mask flag register 1L 

MK1L 

R/W 

X 

X 

— 

xxxxxxllB 

0FFE8H 

Priority specification flag register OL 

PROL 

R/W 

X 

X 

_ 

FFH 

0FFE9H 

Priority specification flag register OH 

PROH 

R/W 

X 

X 

— 

FFH 

0FFE8H-0FFE9H 

Priority specification flag register 0 

PRO 

R/W 

— 

— 

X 

FFFFH 

OFFEAH 

Priority specification flag register 1L 

PR1L 

R/W 

X 

X 

— 

xxxxxxl1B 

OFFECH 

Interrupt service mode specification flag register OL 

ISMOL 

R/W 

X 

X 

— 

OOH 

OFFEDH 

Interrupt service mode specification flag register OH 

ISMOH 

R/W 

X 

X 

— 

OOH 

OFFECH- 

OFFEDH 

Interrupt service mode specification flag register 0 

ISMO 

R/W 

— 

— 

X 

OOOOH 

OFFEEH 

Interrupt service mode specification flag register 1L 

ISM1L 

R/W 

X 

X 

— 

xxxxxxOOB 

0FFF4H 

External interrupt mode register 0 

INTMO 

R/W 

X 

X 

— 

OOH 

0FFF5H 

External interrupt mode register 1 

INTM1 

R/W 

X 

X 

— 

OOH 

0FFF8H 

Interrupt status register 

1ST 

R/W 

X 

X 

_ 

OOH 


Input/Output Ports 

There are up to 54 port lines on the pPD78244 and up to 
36 port lines on the jLiPD78243. (Ports 4, 5, and two bits 
of port 6 are not available on the /iPD78243 since the 
^PD78243 must always use external memory.) Table 3 


lists the features of each port and figure 3 shows the 
structure of each port pin. The pin levels of all port 2,3, 
and 7 pins can always be read or tested regardless of 
the dual pin function. 
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Figure 3. Pin i/O Circuits 
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NEC 


Type 2 -A(P 22 -P 27 ) 



pullup 

enable 


Schmitt trigger Input with hysteresis characteristic. 




enable 


Type 11 (P66-P67) 
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Table 3. 

Digital Port Functions 




Port 

Operational Features 

Configuration 

Direct Drive 
Capability 

Software Pullup 

Resistor Connection 

Porto 

8 -bit high impedance output 


Transistor 


Port 2 

8 -bit Schmitt trigger input 



In 6 -blt units (P 22 -P 27 ) 

Porta 

8 -bit input or output 

Bit selectable 


Byte selectable, input bits only 

Port 4 

8 -bit input or output 

Byte selectable 

LED 

Byte selectable 

Ports 

8 -bit input or output 

Byte selectable 

LED 

Byte selectable, input bits only 

Porte 

4-bit output (bits 0 to 3) 

4-bit Input or output (bits 4 to 7) 

Bit selectable 


In 4-bit unit, input bits only 

Port? 

6 -bit input 





Note: Software pullup resistors can be internally connected only on 
a port-by-port basis to port bits set to input mode. Pullup 
resistors are not connected to port bits set to output mode. 


Real-time Output Port 

The real-time output port (RTPC) shares pins with port 
0. It can be used as two independent 4-blt real-time 
output ports or one 8-bit real-time output port. In the 
real-time output mode, data stored beforehand in the 
buffer registers, POH and POL, is transferred immedi¬ 
ately to the output latch of PO on the occurrence of a 


timer 1 interrupt (INTC10 or INTC11) or external inter¬ 
rupt (INTPO) (see figure 4). By using the real-time 
output port with the macro service function, port 0 can 
be used to output preprogrammed patterns at prepro¬ 
grammed variable time intervals. In this mode, two 
independent stepper motors can accurately be driven 
at a fixed or variable rate. 



Figure 4. Real-time Output Port 



POy PO0 PO5 PO4 PO3 PO2 PO1 POq 
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Analog-to-Digital (A/D) Converter 

The/iPD78244 family A/D converter (see figure 5) uses 
the successive-approximation method for converting 
up to eight multiplexed analog inputs into 8-blt digital 
data The conversion time per input is 30/is at 12 MHz 
operation. A/D conversion can be started by an exter¬ 
nal interrupt, INTP5, or under software control. 

The A/D converter can operate In either scan mode or 
select mode. In scan mode, from one to eight sequen¬ 
tial inputs can be programmed for conversion. The A/D 
converter selects each input in order, converts the 
data, stores it in the A/D conversion result (ADCR) 
register, and generates an interrupt (INTAD). This con¬ 
verted data dan be easily transferred to memory by 
using the macro service function. 

In select mode, only one of the eight A/D inputs can be 
selected for conversion. The ADCR register is continu¬ 
ally updated and can be read at any time. If the A/D 
converter is started by an external Interrupt, an INTAD 


Interrupt occurs at the completion of each conversion. 
If the A/D converter Is started by software, no inter¬ 
rupts are generated. 

Serial Interface 

The juPD78244 family has two Independent serial inter¬ 
faces. The first is a standard UART. The DART (figure 6) 
permits full-duplex operation and can be programmed 
for 7- or 8-bits of data after the start bit, followed by one 
or two stop bits. Odd, even, zero or no parity can also 
be selected. The serial clock for the UART can be 
provided by an on-chip baud rate generator or timer 3. 
By using either the Internal system clock or an external 
clock input Into the ASCK pin, the baud rate generator 
is capable of generating all of the commonly used 
baud rates. The UART generates three interrupts: IN- 
TST (transmission complete), INTSR (reception com¬ 
plete), and INTSER (reception error). 
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Figure 6. Asynchronous Serial Interface 
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The second interface is an 8-bit clock-synchronized 
serial interface (figure 7). It can be operated in either a 
three-wire serial I/O mode or NEC serial bus Interface 
(SBI) mode. 

In the three-wire serial I/O mode, the 8-bit shift register 
(SIO) is loaded with a byte of data and eight clock 
pulses are generated. These eight pulses shift the byte 
of data out of the SO line (MSB first) and in from the SI 
line providing full-duplex operation. This interface can 
also be set to receive or to transmit data only. The 
INTCSI interrupt is generated after each 8-bit transfer. 
One of three internal clocks or an external clock clocks 
the data. 

The NEC SBI mode is a two-wire high-speed proprietary 
serial interface available on most devices in the NEC 
jL/PD75xxx and /iPD78xxx product lines. Devices are 
connected in a master/slave configuration (see figure 
8 ). There Is only one master device at a time; all others 
are slaves. The master sends addresses, commands, 


and data over the serial bus line (SBO) usi ng a fixed 
hardware protocol synchronized with the SCK line. 
Each slave jL;PD78244 family device can be pro¬ 
grammed in software to respond to any one of 256 
addresses. There are also 256 commands and 256 data 
types. Since all commands are user definable, any 
software protocol, simple or complex, can be defined. 
It Is even possible to develop commands to change a 
slave into a master and the previous master Into a 
slave. 

Timers 

The /iPD78244 family has one 16-bit timer and three 
8 -bit timers. The 16-blt timer counts the internal system 
clock (fcLK/8) while the three 8-bit timers can be pro¬ 
grammed to count a number of prescaled values of the 
internal system clock. One of the 8-blt timers can also 
count external events. 
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Figure 7. ClockSynchronized Serial Int 



Internal Bus 
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Timer 0 consists of a 16-bit timer (TMO), two 16-bit 
compare registers (CROO and CR01), and a 16-bit cap¬ 
ture register (CR02). Timer 0 can be used as two 
interval timers, to output a programmable square wave 
or two pulse-width modulated signals, to measure pulse 
widths, or to generate a software-triggered one-shot 
output pulse (see figure 9). 


1 ^ 


Figure 9. 16-Bit Timer 0 



> P34noo 


> pasrroi 


> tNTCOO 
• INTC01 
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Timer 1 consists of an 8-bit timer (TM1), 8-bit compare 
register {CR10), and 8-bit capture/compare register 
{CR11). Timer 1 can be used as two interval timers or to 
measure pulse widths. In addition, it can be used to 
generate the output trigger for the real-time output port 
(see figure 10). 

Timer/counter 2 consists of an 8-bit timer (TM2), two 
8-bit compare registers (CR20 and CR21), and an 8-bit 
capture register (CR22). Timer/counter 2 can also be 


used as two Interval timers, to output a programmable 
square wave or two pulse-width modulated signals, or 
to measure pulse widths. In addition, it can be used to 
count external events sensed on the Cl line or as a 
one-shot timer (see figure 11). 

Timer 3 consists of an 8-bit timer (TM3) and an 8-bit 
compare register (CR30). Timer 3 can be used as an 
interval timer or as a clock for the clocked- 
synchronized serial interface (see figure 12). 


Figure 10. 8~Bit Timer 1 



Figure 11. 8-Bit Timer/Counter 2 
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Figure 12. 8-Bit Timer 3 



Interrupts 

The ^PD78244 family has 20 maskable hardware inter¬ 
rupt sources; 6 are external and 14 are internal. Since 
there are only 18 interrupt vectors and sets of control 
flags, 2 of the 6 external maskable Interrupts, INTP4 
and INTP5, share interrupt vectors and control flags 
with INTC30 and INTAD respectively. The active inter¬ 
rupt source for each shared vector must be chosen by 
the program. In addition, there is one nonmaskable 
interrupt and one software interrupt. The software 
interrupt, generated by the BRK instruction, is not 
maskable (see table 4). 

Interrupt Servicing. The /L/PD78244 family provides 
two levels of programmable hardware priority control 
and two different methods of handling maskable inter¬ 
rupt requests: standard vectoring and macro service. 
The programmer can choose the priority and mode of 
servicing each maskable Interrupt by using the inter¬ 
rupt control registers. 

Interrupt Control Registers. The /iPD78244 family 
has four 16-bit and four 8-bit interrupt control registers. 
In order to maintain software compatibility with the 
/iPD78214 and ^PD78218A families, the four 16-bit reg¬ 
isters are Identical to the /iPD78214 and /iPD78218A 
families and the two additional EEPROM Interrupts are 
handled by the four additional 8-bit registers. 

Each bit in each 16-blt register is dedicated to one of 
the 16 active maskable interrupt sources (excluding the 
two EEPROM interrupts). The interrupt request flag 
register (IFO) contains an interrupt request flag for each 
interrupt. The interrupt mask register (MKO) is used to 
enable or disable any interrupt. The interrupt service 
mode register (ISMO) specifies whether an Interrupt is 
processed by vectoring or macro service. The priority 


flag register (PRO) can be used to specify a high or a low 
priority level for each Interrupt. The 8-bit registers IF1L, 
MK1L, ISM1L, and PR1L provide similar functions for 
the two EEPROM interrupt sources. 

Two other 8-bit registers are associated with interrupt 
processing. The interrupt status register (1ST) indi¬ 
cates if a nonmaskable Interrupt request on the NMI pin 
is being processed and can be used to allow nesting of 
nonmaskable interrupt requests. The IE and the ISP bits 
of the program status word are also used to control 
interrupts. If the IE bit Is zero, all maskable interrupts, 
but not macro service, are disabled. The IE bit can be 
set or cleared using the El and Dl instructions, respec¬ 
tively, or by directly writing to the PSW The IE bit Is 
cleared each time an Interrupt is accepted. The ISP bit 
is used by hardware to hold the priority level flag of the 
interrupt being serviced. 

Interrupt Priority. The nonmaskable interrupt (NMI) 
has priority over all other interrupts. Two hardware 
controlled priority levels are available for the maskable 
interrupts. Either a high or a low priority level can be 
assigned by software to each of the maskable Inter¬ 
rupts. Interrupt requests of a priority higher than the 
processor’s current priority level are accepted; re¬ 
quests of the same or lower priority are held pending 
until the processor’s priority state is lowered by pro¬ 
gram control within the current service routine or by a 
return instruction from the current service routine. 

Interrupt requests programmed to be handled by 
macro service have priority over all vectored Interrupt 
service regardless of the assigned priority level, and 
macro service requests are accepted even when the 
Interrupt enable bit In the PSW is set to the disable state 
(see figure 13). 
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Figure 13. Interrupt Service Sequence The default priorities listed in table 4 are fixed by 

hardware and are effective only when It is necessary to 
choose between two interrupt requests of the same 
software-assigned priority. For example, the default 
priorities would be used after the completion of a high 
priority routine If two Interrupts of the same priority 
routine were pending. 

The software interrupt, Initiated by the BRK Instruc¬ 
tion, is executed regardless of the processor’s priority 
level and the state of the IE bit. It does not alter the 
processor’s priority level. 


Table 4. 

interrupt Sources and Vector Addresses 



Interrupt 

Request 

Type 

Default 

Priority 

Interrupt Request Generation Source 

Macro Service 
Type 

Vector 

Table 

Address 

Software 

None 

BRK instruction execution 

— 

003EH 

Nonmaskable None 

NMl (pin input edge detection) 

— 

0002H 

Maskable 

0 

INTPO (pin input edge detection) 

A, B 

0006H 


1 

INTP1 (pin input edge detection) 

A, B 

0008H 


2 

INTP2 (pin input edge detection) 

A, B 

OOOAH 


3 

INTP3 (pin input edge detection) 

B 

OOOCH 


4 

INTCOO (TMO-CROO coincidence signal generation) 

B 

0014H 


5 

INTC01 (TM0-CR01 coincidence signal generation) 

B 

0016H 


6 

INTC10 (TM1-CR10 coincidence signal generation) 

A, B, C 

0018H 


7 

INTC11 (TM1-CR11 coincidence signal generation) 

A, B, C 

001 AH 


8 

INTC21 (TM2-CR21 coincidence signal generation) 

A, B 

001CH 


9 

INTP4 (pin input edge detection) 

B 

OOOEH 



1NTC30 (TM3-CR30 coincidence signal generation) 

A, B 



10 

INTP5 (pin input edge detection) 

B 

0010H 



INTAD (end of A/D conversion) 

A, B 



11 

1NTC20 (TM2-CR20 coincidence signal generation) 

A, B 

0012H 

Maskable 

12 

INTSER (generation of asynchronous serial interface receive error) 

— 

0020H 


13 

INTSR (end of asynchronous serial interface reception) 

A, B 

0022H 


14 

INTST (end of asynchronous serial interface transmission) 

A, B 

0024H 


15 

INTCSI (end of clocked serial interface transmission) 

A, B 

0026H 


16 

INTEER (EEPROM write error) 

— 

0028H 


17 

INTEPW (EEPROM write completion) 

— 

002AH 


interrupt Request 




xxMK s 1 (Interrupt Masked) Interrupt Pending. 
xxMKs:0 (Unmasked) 


C ISM s 1 Macro Service. 

ISM = 0 Vectored Interrupt Service. 


I— Dl Vectored Interrupt Pending. 
El Vectored Interrupt 
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Vectored Interrupt. When vectored interrupt is spec¬ 
ified for a given interrupt request, (1) the program 
status word and the program counter are saved on the 
stack, (2) the processor’s priority is set to that speci¬ 
fied for the interrupt, (3) the IE bit in the PSW is set to 
zero, and (4) the routine whose address is in the 
interrupt vector table is entered. At the completion of 
the service routine, the RETI instruction (RETB instruc¬ 
tion for the software interrupt) reverses the process 
and the /iPD78244 family device resumes the inter¬ 
rupted routine. 

Macro Service 

When macro service Is specified for a given Interrupt, 
the macro service hardware temporarily stops the 
executing program and begins to transfer data be¬ 
tween the special function register area and the mem¬ 
ory space. One byte is transferred each interrupt. When 
the data transfer is complete, control is returned to the 
executing program, providing a completely transpar¬ 
ent method of Interrupt service. Macro service signifi¬ 
cantly improves response time and makes it unneces¬ 
sary to save any registers. 

For each request on the interrupt line, one operation is 
performed, and an 8- or 16-bit counter Is decremented. 
When the counter reaches zero, a vectored interrupt 
service routine Is entered according to the specified 
priority. 

Macro service is provided for all of the maskable inter¬ 
rupt requests except the following: INTSER, the asyn¬ 
chronous serial Interface receive error interrupt re¬ 
quest; INTEER, the EEPROM write error Interrupt 
request; and INTEPW the EEPROM write termination 
Interrupt request. Each Interrupt request has a dedi¬ 
cated macro service control word stored in Internal 
RAM (see figure 14). The function to be performed is 
specified in the control word. 

The fjPD7S244 family provides three different types of 
macro service transfers: 


Figure 14. Macro Service Controi Word Map 





OFEDFH 

Channel Pointer 

[ INTSR 

OFEDEH 

Mode Register 

OFEDDH 

Channel Pointer 

[ INTST 

OFEDCH 

Mode Register 

OFEDBH 

Channel Pointer 

[ INTCSI 

OFEDAH 

Mode Register 

0FED9H 

Channel Pointer 

[ INTC10 

OFEDBH 

Mode Register 

0FED7H 

Channel Pointer 

1 INTC11 

OFEDBH 

Mode Register 

OFEDBH 

Channel Pointer 

[ INTP4/INTC30 

0FED4H 

Mode Register 

OFEDBH 

Channel Pointer 

1 INTP5/INTAD 

0FED2H 

Mode Register 

0FED1H 

Channel Pointer 

[ INTCOO 

OFEDOH 

Mode Register 

OFECFH 

Channel Pointer 

1 INTC01 

OFECEH 

Mode Register 

OFECDH 

Channel Pointer 

1 INTC20 

OFECCH 

Mode Register 

OFECBH 

Channel Pointer 

[ INTC21 

OFECAH 

Mode Register 

0FEC9H 

Channel Pointer 

[ INTPO 

OFECBH 

Mode Register 

0FEC7H 

Channel Pointer 

[ INTP1 

OFECBH 

Mode Register 

OFECBH 

Channel Pointer 

[ INTP2 

0FEC4H 

Mode Register 

OFECBH 

Channel Pointer 

1 INTPB 

0FEC2H 

Mode Register 
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Macro Service Type A. A byte of data is transferred 
in either direction between a special function register, 
preassigned for each interrupt request, and a buffer in 
internal RAM (FExx). Only the 8-bit macro service 
counter is available for Type A transfers. The preas¬ 
signed SFRs for the 12 interrupt requests that support 
macro service Type A transfers are listed in table 5. 
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Table 5^ Macro Service Type A Interrupts and 
__ Assigned SFRs _ 


interrupt Request 

Source/Destination SFR 

INTC10: TM1-CR10 coincidence 

CR10: Timer 1 8 -bit compare 
register 

INTC11: TM1-CR11 coincidence 

CR 11 : Timer 1 8 -bit capture/ 
compare register 

INTC20: TM2-CR20 coincidence 

CR20: Timer 2 8 -bit compare 
register 

INTC21: TM2-CR21 coincidence 

CR21: Timer 2 8 -bit compare 
register 

INTC30: TM3-CR30 coincidence 

CR30: Timer 3 8 -bit compare 
register 

INTSR; End of asynchronous serial 
Interface reception 

RxB: Serial receive buffer 

INTST: End of asynchronous serial 
interface transmission 

TxS: Serial transmit shift 
register 

INTCSI: End of clocked serial 
interface transmission 

SIO; Serial shift register 

INTAD: End of A/D conversion 

ADCR: A/D conversion result 
register 

INTPO: External interrupt pin PO^ 

CR 11 : Timer 1 8 -bit capture/ 
compare register 

INTP1: External Interrupt pin PO 2 

CR22: Timer 2 8 -bit capture 
register 

INTP2: External interrupt pin PO 3 

TM2: Timer 2 8 -blt timer 
register 


Macro Service Type B. A byte of data is transferred 
in either direction between any specified special func¬ 
tion register and a buffer anywhere in the 64K byte 
address space. The macro service counter can be 
programmed either to be an 8- or 16-bit counter. Macro 
service Type B transfers can be initiated by any mask¬ 
able Interrupt except INTSER, INTEER, and INTEPW. 

Macro Service Type C. A byte of data Is transferred 
from a buffer anywhere In the 64K byte address space to 
one of the 8-bit compare registers of timer 1. At the 
same time, a second byte of data is transferred from a 
buffer anywhere In the 64K byte address space to the 
real-time output port buffer. The macro service counter 
can be programmed either to be an 8- or 16-blt counter. 
Macro service Type C transfers can be Initiated by 
INTC10 with data transferred to CR10 and POL or POH, 
or by INTC11 with data transferred to CR11 and POL or 
POH. 


In addition, the macro service Type C transfer can be 
Initialized to automatically alter timer compare regis¬ 
ter values or to repeatedly output a prespecified pat¬ 
tern at a fixed or variable rate. By using macro service 
Type C transfers to control the real-time output ports, 
the jL/PD78244 family can easily and accurately drive 
two Independent stepper motors. 

Refresh 

The refresh signal is used with any pseudostatic RAM 
equivalent of the NECpPD428128. The refresh cycle can 
be set to one of four intervals: 16, 32, 64, or 128/fcLK 
(2.6, 5.3,10.7, and 21.3 ps at 12 MHz). The refresh cycle 
is timed to follow a read or write operation to avoid 
Interference with external memory access cycles. 

Standby Modes 

HALT and STOP modes are provided to reduce power 
consumption when CPU action is not required. In HALT 
mode, the CPU is stopped but the system clock con¬ 
tinues to run. The HALT mode is released by any 
unmasked interrupt, an external NMI, or an external 
reset pulse. In STOP mode, both the CPU and the 
system clock are stopped, further minimizing the 
power consumption. The STOP mode Is released by 
either an external reset pulse or an external NMI. The 
HALT and STOP modes are entered by programming 
the standby control register (STBC). This register Is a 
protected location and can be written to only by a 
special instruction. If the third and fourth bytes of the 
instruction are not complements of each other, the 
data Is not written and the next instruction is exe¬ 
cuted. 

External Reset 

The pPD7 8244 fa mily Is reset by taking the RESET pin 
low. The RESET input pin contains a noise filter to 
protect against spuriou s syste m resets caused by 
noise. On power-up, the RESET pin must remain low 
until the power supply reaches Its operating voltage 
and the oscillator has stabilized. During reset, the 
program counter Is loaded with the address contained 
In the reset vector table (address OOOOH, 0001H) and 
progra m execution starts at that address upon the 
RESET pin going high. While RESET is low, all external 
lines except Vss. Vdd. AVss, AVref, XI, and X2 are in the 
high Impedance state. 
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ELECTRICAL SPECIFICATIONS 


Absolute Maximum Ratings 

Ta = +25°C 


Operating voltage, Vqq 

-0.5 to +7.0V 

AVref 

-0.5 to Vdd + 0.5 V 

AVss 

-0.5 to + 0.5 V 

Input voltage, Vr 

-0.5 to Vdd + 0-5 V 

V 12 (Note 1) 

-0.5 to AVref + 0.5 V 

Output voltage, Vq 

-0.5 to Vdd +0.5V 

Low-level output current, Iql 


per pin 

15 mA 

total, all output pins 

100 mA 

High-level output current, Iqh 


per pin 

-10 mA 

total, all output pins 

-50 mA 

Operating temperature, Tqpt 

-10 to -f-70'’C 

Storage temperature, Tstg 

-65 to +150'’C 


Notes: 


( 1 ) Pins P 7 o/ANO - P75/AN5, P6q/\NM1IAH6, and P67/REFRQ/AN7 
when used as the A/D converter input. However, V|-| absolute 
maximum ratings should also be satisfied. 

Exposure to absolute maximum ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma¬ 
nent damage. The device should be operated within the limits 
specified under DC and AC characteristics. 


Operating Conditions 


Oscillation Frequency 

Ta 


Vdd 

fxx = 4 to 12 MHz 


-10 to +70°C 

+ 5 V ±10% 

Capacitance 

Ta = +25°C; Vdd = 

< 

CO 

CO 

II 

0 

< 




Item 

Symbol 

Max 

Unit 

Conditions 

Input capacitance 

Ci 

20 

PF 

f = 1 MHz; 

Output capacitance 

Oq 

20 

PF 

pins not used 
for 

Input/output 

ClO 

20 

pF 

measurement 

capacitance 




are at 0 V 


Externai Ciock Operation 


Ta = -40 to -l-85°C; Vdd 

= +5V 

±10%; Vss= 

0 V 

Item 

Symbol 

Min 

Max 

Unit Conditions 

XI input low-level width 

twXL 

30 

130 

ns 

XI input high-level width 

twXH 

30 

130 

ns 

XI input rise time 

^XR 

0 

30 

ns 

X1 input fall time 

tXF 

0 

30 

ns 


X1 input clock cycle time tovx 82 250 ns 



DC Characteristics 


Ta = -10 to +70°C; Vdd “ 

-F5V ±10%; Vss = 

ov. 





Item 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Low-level input voltage 

VlL 

0 


0.8 

V 


High-level input voltage 

V|H1 

2.2 


Vdd 

V 

Except the specified pins (Notes 1, 2) 


V|H2 

2.2 


AVref 

V 

Specified pins (Note 1) 


CO 

X 

> 

0.8 Vdd 


Vdd 

V 

Specified pins (Note 2) 

Low-level output voltage 

Vqli 



0.45 

V 

Iql = 2.0 mA 


VoL2 



1.0 

V 

Iql = 8.0 mA (Note 3) 

High-level output voltage 

V 0 HI 

< 

0 

0 

I 

b 



V 

Iqh ~ -1.0 mA 


V0H2 

Vdd-0-5 



V 

Iqh = -100 /iA 


VoH3 

2.0 



V 

Iqh = -5.0 mA (Note 4) 

XI low-level input current 

l|L 



-100 

juA 

_j 

> 

VI 

VI 

> 

0 

XI high-level input current 

l|H 



100 

liA 

V|H3 < Vi < Vdd 

Input leakage current 

'Ll 



±10 

fjA 

0 V< V| < Vqd 

Output leakage current 

Ilo 



±10 

fjA 

ov < Vq < Vdd 

AVref current 

aIref 


1.5 

5.0 

mA 

Operating mode, fxx = 12 MHz 

Vdd power supply current 

'ddi 


20 

40 

mA 

Operating mode, fxx = 12 MHz 


•dD2 


7 

20 

mA 

HALT mode, fxx = 12 MHz 

Data retention voltage 

Vdddr 

2.5 


5.5 

V 

STOP mode 


23 
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DC Characteristics (cont) 


item 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Data retention current 

•dddr 


2 

20 

fj/K 

STOP mode; Vqdqr 2.5 V 




5 

50 


STOP mode; Vqdpr = 5V ± 10 % 

Pullup resistor 

Rl 

15 

40 

80 

kO 

V|= OV 

E EPROM write voltage 


4.5 


5.5 

V 

fxx = 4 to 12 MHz 


Notes: 

(1) Pins P7o/ANO - P 75 /AN 5 , PSe/VWANS, and P 67 /REFRQ/AN 7 (3) Pins P4o/ADo - P 47 /AD 7 , and PSq/Ab ■ P 57 /A 15 . 

when the pin is used as the A/D converter input. Pq^ _ pQ^ 

(2) XI, X2, RESET, P2o/NMI, P2i/iNTP0, P2?/INTP1.P2;^/INTP2/CI. 

P 24 /INTP 3 , P 25 /INTP 4 /ASCK, P26/INTP5, P 27 /Si, P 32 /SCK, P 33 / 

SO/SBO, and EA pins. 


AC Characteristics—Read/Write Operation 


Ta = -10 to +70°C; VpD = +5 V ±10%; V 

'SS= 0V;1 

fxx = 12 MHz; Cl = 100 pF 





item 

Symbol 

Calculation Formula (Note 2, 3) 

Min 

Max 

Unit 

Conditions 

XI input clock cycle time 

^CYX 

— 

82 

250 

ns 


Address setup time to ASTB i 

fSAST 

'CYX - 30 

52 


ns 


Address hold time from ASTB i (Note 1) 

^HSTA 

— 

25 


ns 


Address hold time from RDt 

^HRA 

— 

30 


ns 


Address hold time from WR t 

tHWA 

— 

30 


ns 


Address to RD 4 delay time 

^DAR 

2tcYX - 35 

129 


ns 


Address float time to RD i 

Var 

tCYx/2 - 30 

11 


ns 


Address to data input time 

^DAID 

(4+2n)tcYX-100 


228 

ns 

No wait states 

ASTB i to data input time 

^DSTID 

(3+2n)tQYX ~ 33 


181 

ns 

No wait states 

RD i to data input time 

^DRID 

(2+2n)tcYX-64 


100 

ns 

No wait states 

ASTB 1 to RD 1 delay time 

^DSTR 

'CYX - 30 

52 


ns 


Data hold time from RD t 

<HRID 

__ 

0 


ns 


RD t to address active time 

^DRA 

2tcYX - 40 

124 


ns 


RD t to ASTB t delay time 

tORST 

2tcYX - 40 

124 


ns 


RD iow-level width 

%RL 

(2+2n)tcYX-40 

124 


ns 

No wait states 

ASTB high-level width 

%STH 

tcYX - 30 

52 


ns 


Address to WR 1 delay time 

'daw 

2tcYX - 35 

129 


ns 


ASTB i to data output time 

'dstod 

tcYX + 30 


142 

ns 


WR i to data output time 

'dwod 

— 


60 

ns 


ASTB 4 to WR 4 delay time 

'dstwi 

tcYX - 30 

52 


ns 



'DSTW2 

2tcYX - 35 

129 


ns 

Refresh mode 

Data setup time to WR t 

'SODWR 

(3+2n)tcYX-100 

146 


ns 

No wait states 

Data setup time to WR 4 

'SODWF 

'CYX “ 30 

22 


ns 

Refresh mode 

Data hold time from WR t (Note 1) 

'hwod 


20 


ns 


WR t to ASTB t delay time 

'dwst 

0 

1 

1 

42 


ns 


WR low-level width 

'WWLI 

(3+2n)tcYX “ 30 

196 


ns 

No wait states 


twWL2 

(2+2n)tcYX-50 

114 


ns 

Refresh mode; No wait 
states 

Address to WAIT 4 Input time 

'dawt 

3tcYX “ 100 


146 

ns 
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AC Characteristics—Read/Write Operation (cont) 

Item 

Symbol 

Calculation Formula (Note 2, 3) Min 

Max 

Unit 

Conditions 

ASTB i to WAIT i input time 

tDSTWT 

2tcYX - 80 


84 

ns 


WAIT hold time from ASTB i 

^HSTWT 

2XtcYX +10 

174 


ns 

One external wait state 

ASTB i to Mn t delay time 

tOSTWTH 

2(1 + X)tcYX-55 


273 

ns 

One external wait state 

RD 1 to WAIT input time 

tORWTL 

tcYX - 60 


22 

ns 


WAIT hold time from RD i 

^HRWT 

(2X-1)tcYX + 6 

87 


ns 

One external wait state 

RD 4 to WAIT t delay time 

^DRWTH 

(2X+1)tcYX-60 


186 

ns 

One external wait state 

WAIT t to data input time 

^DWTID 

1 

1 


62 

ns 


WAIT t to WR t delay time 

^DWTW 

2tcYX-10 

154 


ns 


WAIT t to RD t delay time 

Idwtr 

o 

I 

1 

72 


ns 


WR 4 to WAIT input time 

Idwwtl 

tCYX - 60 


22 

ns 

Refresh disabled 

WAIT hold time from WR 4 

^HWWTI 

(2X-1)tcYX + 5 

87 


ns 

One external wait state; 
refresh disabled 


^HWWT2 

2P<-1)tcYX + 6 

5 


ns 

One external wait state; 
refresh enabled 

WR 4 to Wjf t delay time 

^DWWTHI 

(2X+1)tcYX-60 


186 

ns 

One external wait state; 
refresh disabled 


tDWWTH2 

1 

1 

O) 

o 


104 

ns 

One external wait state; 
refresh enabled 

RD t to REFRQ 4 delay time 

^DRRFQ 

2tcYX-10 

154 


ns 


WR t to REFRQ 4 delay time 

^DWRFQ 

o 

I 

1 

72 


ns 


REFRQ low-level width 

tWRFQL 

2tcYX - 44 

120 


ns 


REFRQ t to ASTB t delay time 

^DRFQST 

4tcYX - 48 

280 


ns 


Notes: 

(1) The hold time includes the time during which Vqh snd Vql are 
retained under the following load conditions: Cl = 100 pF and 

Rl = 2 kCl 

(2) n indicates the number of internal wait states. 

(3) X indicates the number of external wait states (1, 2, 3, ...) 

Serial Port Operation 

Ta = -10 to -t-70°C: Vdd = +5V 

±10%: Vss = OV; fxx = 12 MHz; Cl 

= 100 pF. 




Item 

Symbol 

Min 

Max 

Unit 


Conditions 

Serial clock cycle time 

^CYSK 

1.0 


fJS 


External clock input 



1.3 


fJS 


Internal clock/16 output 



5.3 


fJS 


Internal clock/64 output 

Serial clock low-level width 

^WSKL 

420 


ns 


External clock input 



556 


ns 


Internal clock/16 output 



2.5 


A/s 


Internal clock/64 output 

Serial clock high-level width 

twSKH 

420 


ns 


External clock input 



556 


ns 


Internal clock/16 output 



2.5 


//s 


Internal clock/64 output 

SI, SBO setup time to SCK t 

♦SSSK 

150 


ns 



SI, SBO hold time from SCK t 

tHSSK 

400 


ns 




4e 
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Serial Port Operation (cont) 

Item 

Symbol 

Min 

Max 

Unit 

Conditions 

SO/SBO output delay time 
from SCK i 

tDSBSKt 

0 

300 

ns 

CMOS push-pull 
output 

(3-line serial I/O mode) 


^DSBSK2 

0 

800 

ns 

Open-drain output 
(SBI mode), Rl = 1 kO 

SBO high, hold time from 

SCKt 

<HSBSK 

4 


^CYX 

SBI mode 

SBO low, setup time to SCK 1 

%SBSK 

4 


^CYX 

SBI mode 

SBO low-level width 

twSBL 

4 


tCYX 


SBO high-level width 

twSBH 

4 


tCYX 


A/D Converter Operation 

Ta = -10 to +70°C: Vdd = +5 V ±10%: Vqs = AVss = 

OV. 




Item 1 

Symbol Min 

Typ 

Max 

Unit 

Conditions 

Resolution 

8 



Bit 


Full-scale error (Note 1) 



0.4 

% 

AVref = 4.0 V to Vdd 




0.8 

% 

AVref = 3.6 V to Vdd 

Quantization error 



±1/2 

LSB 


Conversion time fcONV 360 



ICYX 

83 ns < tQYX - ns 


240 



^CYX 

125 ns < tcYX ^ 250 ns 

Sampling time tsAMP 72 



tCYX 

83 ns < t0YX - '•25 ns 


48 



tCYX 

125 ns < tQYX - 250 ns 

Analog input voltage V|an -0-3 


AVref + 0.3 

V 


Analog input impedance 1 

^AN 

1000 


MQ 


Analog reference voltage AVref 3.6 


Vdd 

V 


AVref current AIref 

1.5 

5.0 

mA 

Operating mode, fxx = 12 MHz 



0.2 

1.5 

mA 

(Note 2) 


Notes: 

(1) Quantization errror is not included. Unit is defined as percent of 
full-scale value. 

(2) When CS bit of the ADM register is set to 0 


interrupt Timing Operation 


Item 

Symbol 

Min 

Max Unit Conditions 

NMI low-level width 

tWNIL 

10 

(JS 

NMI high-level width 

tWNlH 

10 

fJS 

INTP0-INTP5 low-level width 

twiTL 

24 

^CYX 

INTP0-INTP5 high-level width tvyrrH 

24 

ICYX 

RESET low-level width 

%RSL 

10 

A/S 

RESET high-level width 

IWRSH 

10 

JUS 
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Data Retention Characteristics 

Ta = -10 to +70°C. 

item 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Data retention voltage 

Vdddr 

2.5 


5.5 

V 

STOP mode 

Data retention current 

Idddr 


2 

20 


VdDDR= 2.5 V 




5 

50 

fjk 

VdDDR= 5V ±10% 

Vdd rise time 

^RVD 

200 



/iS 


Vdd fall time 

tpVD 

200 



/iS 


Vqd retention time 
(from STOP mode setting) 

^HVD 

0 



ms 


STOP release signal input time 

Idrel 

0 



ms 


Oscillation stabilization wait time 

tWAIT 

30 



ms 

Crystal resonator 



5 



ms 

Ceramic resonator 

Low-level input voltage 

V|L 

0 


0-1 Vdddr 

V 

Specified pins (Note 1) 

High-level input voltage 

V|H 

0.9 VdddR 


Vdddr 

V 

Specified pins (Note 1) 


Note: RESET, P 2 o/NMI, P 2 i/INTP 0 , P22/INTPI, P23/INTP2/CI, P24/ 
INTP 3 , P25/INTP4/ASCK, P 26 /INTP 5 , P27/SI, PSa/SCK, and 
PSg/SO/SBO 


Recommended Resonator Circuit 



Recommended Externai dock Circuit 



Clock frequency f^x = 4 to 12 MHz 
In STOP mode, XI Is Internally shorted to V 33 to prevent 
leakage current. Therefore, STOP mode Is not available 
when using this external clock circuit. 
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Timing Waveforms 

Voltage Thresholds for AC Timing Measurements 




Read Operation 
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Timing Waveforms (cont) 
Write Operation 
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Timing Waveforms (cont) 


External WAIT Signal Input (Read Operation) 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 

Refresh After Read 


ASTB 

_ 

/■"■ .. 



RD J 

1 

tDRRFQ I 

\ _ 1 

^ %RFQL 

1 tDRFQST 


1 

1 ^ 

REFRQ ^ 

83YL-9186B 


Refresh After Write 


___^ 

/"■........ 



WR j 

L 

^ toWRFQ ^ 1 

\ _1 

%RFQL 

1 tDRFQST 


1 

I ^ 

REFRQ ^ 

83YL-9187B 
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Timing Waveforms (cont) 
Serial Operation 


Three-Line Serial VO Timing 



SCK 
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fiPD78K2 Product Line 
Programming Reference 
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/iPD78K2 Product Line 

This programming reference contains the instruction 
set and the interrupt vector tables for the /iPD78K2 
product line. 

The instruction set features both 8- and 16-bit data 
transfer and arithmetic instructions, 8-bit logic Instruc¬ 
tions, and single-bit manipulation instructions. Branch 
instructions exist to test individual bits in the program 
status word, the 16-bit accumulator, the special func¬ 
tion registers and in the saddr portion of Internal RAM. 
Instructions range in length from 1 to 5 bytes, depend¬ 
ing on the instruction and addressing mode. 


Operands and Operations 

Refer to the following tables for the definitions of 
symbols in the operand and operation columns of the 
Instruction Set table. 

Uppercase letters, such as “A” or “PSVy” are key sym¬ 
bols and must be written as shown In the Registers and 
Flags table. See the Registers and Flags table for the 
list of key symbols. Lowercase letters, such as “sfr” or 
“mem” are not key symbols and an absolute value or 
label must be substituted by the user when writing the 
instruction. For example, “MOV A, sfr” may be written 
as “MOV A, PO.” When the symbols +,-,#, !, $, /, [ ], 
and & are used as a prefix of a word, the symbol 
remains while lower case letters are replaced by a 
value. For example, “ADD A, #byte” may be written as 
“ADD A, #0AFH,” or “BR $addr16” may be written as 
“BR$LOOP1.” 

Symbols r and rp can be described using the functional 
name or absolute name. 


4f 
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Operands 


Symbol 

Definitions 

+ 

Autoincrement 

- 

Autodecrement 

# 

Immediate data 

! Absolute address 

$ 

Relative address 

/ 

Bit inversion 

[ ] Indirect addressing 

& 

Subbank 

r, r’ 

Register 

Functional name: X, A, C, B, E, D, L, H 

Absolute name: RO to R7 

r1 

Register group 1: C, B 

rp, rp’ 

Register pair 

Functional name: AX, BC, DE, HL 

Absolute name: RPO to RP3 

sfr 

Special function register (8-bit): 

See individual data sheets for specific sfr names. 

sfrp 

Special function register pair (16-bit): 

See individual data sheets for specific sfrp names. 

mem 

Memory address indirectly addressed 

Register indirect mode: [DE], [HL], [DE+], [HL+], 

[DE-], [HL-] 

Base mode: [DE-f- byte], [HL+ byte], [SP+ byte] 

Indexed mode: word[A], word[B], word [DE], word[HL] 

mem1 

Group 1 memory address indirectly addressed: [DE], 

[HL] 

saddr, 

saddr’ 

Memory address addressed by means of short direct 
addressing: FE20H-FF1FH immediate data or label 

saddrp 

Memory address addressed by means of short direct 
addressing pair: FE20H-FF1 EH immediate data(LSB = 

0; even address) or label 

addr16 

16-bit address: OOOOH-FEFFH immediate data or label 

addr11 

11-bit address: 800H-FFFH immediate data or label 

addrS 

5-bit address: 40H-7EH immediate data or label (even 
address only) 

word 

16-bit data: 16-bit immediate data or label 

byte 

8-bit data: 8-bit immediate data or label 

bit 

3-bit data: 3-bit immediate data or label 

n 

Number of shift bits: 3-bit immediate data (0-7) 

RBn 

Register bank: RB0-RB3 


Registers and Flags 


Symbol 

Definitions 

A 

A register: 8-bit accumulator 

X 

X register 

B 

B register 

C 

C register 

D 

D register 

E 

E register 

H 

H register 

L 

L register 

R0-R7 

Registers 0 to 7 (absolute names) 

AX 

Register pair (AX); 16-bit accumulator 

BC 

Register pair (BC) 

DE 

Register pair (DE) 

HL 

Register pair (HL) 

RP0-RP3 

Register pairs 0 to 3 (absolute names) 

PC 

Program counter 

SP 

Stack pointer 

Registers and Flags 

Symbol 

Definitions 

PSW 

Program status word 

CY 

Carry flag 

AC 

Auxiliary carry flag 

Z 

Zero flag 

RBS1-RBS0 

Register bank select flags 

IE 

Interrupt enable flag 

STBC 

Standby control register 

jdisp8 

Signed 2’s complement data (8 bits) indicating 
relative address distance between first address of 
next instruction and branch destination address 

() 

Memory contents indicated by address or register 
contents in ( ) 

xxH 

Hexadecimal number 

XH. XL 

Higher 8 bits and lower 8 bits of 16-bit register 
pair 

A 

Logical product (AND) 

V 

Logical sump (OR) 

V 

Exclusive logical sum (exclusive OR) 

- 

Inverted data 


2 




fiPD78K2 Product Line 


Flag Column Indicators 

Blank 

No change 

0 

Cleared to 0 

1 

Set to 1 

X 

Set or cleared depending on the result 

R 

Value previously saved is restored 


Bytes 

The number of bytes for instructions with a mem or 
&mem operand depends on the particular Instruction 
and the memory addressing mode (register Indirect, 
base, and or indexed). 

A MOV instruction with register indirect mode specified 
for mem is a special 1-byte instruction. When base 
mode or indexed mode is specified for mem, the 8-bit 
or 16-blt offset data corresponding to byte and word, 
respectively, is added from the third byte onward. 


Bytes for Instructions With “mem” and Operands 


Register Indirect Indexed 

Mode Base Mode Mode 


Instruction 


IDE + 1 

IHL + 1 

IDE-] 

[HL-l 

[DE] 

[HL] 

[DE + byte] 

[HL + byte] 

[SP + byte] 

word [A] 
word[B] 
wordfDE] 
word[HL] 

MOV 

A, mem 

1 

1 

3 

3 

4 


mem, A 

1 

1 

3 

3 

4 


A, &mem 

2 

2 

4 

4 

5 


&mem, A 

2 

2 

4 

4 

5 

XCH 

A, mem 

2 

2 

3 

3 



A, &mem 

3 

3 

4 

4 

4f 

ADD, ADDC, SUB, 

Ql IRO AMPi _ 

A, mem 

2 

2 

3 

3 

4 

OUDL/, /MNU, vJn, - 

XOR, CMP 

A, &mem 

3 

3 

4 

4 

5 


3 
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instruction Set 

Mnemonic Operand 

Operation 

Bytes 

Flags 

Z AC CY 

8‘Bit Data Transfer 

MOV r, #byte 

r <- byte 

2 


saddr, #byte 

(saddr) byte 

3 


sfr, #byte 

sfr <- byte 

3 


r, r’ 

r *- r' 

2 


A, r 

A <- r 

1 


A, saddr 

A (saddr) 

2 


saddr, A 

(saddr) <- A 

2 


saddr, saddr’ 

(saddr) (saddr’) 

3 


A, sfr 

A sfr 

2 


sfr, A 

sfr A 

2 


A, mem* 

A (mem) 

1-4 


A, &mem* 

A <- (&mem) 

2-5 


mem, A* 

(mem) A 

1-4 


&mem. A* 

(&mem) <- A 

2-5 


A, !addr16 

A ^ (!addr16) 

4 


A, &!addr16 

A ^ (&!addr16) 

5 


!addr16, A 

(!addr16) <- A 

4 


&!addr16, A 

(&!addr16) ^ A 

5 


PSW, #byte 

PSW <- byte 

3 

XXX 

PSW,A 

PSW«-A 

2 

XXX 

A, PSW 

A^ PSW 

2 


XCH A, r 

A -^r 

1 


r, r’ 

r r’ 

2 


A, mem 

A (mem) 

2-4 


A, &mem 

A (&mem) 

3-5 


A, saddr 

A (saddr) 

2 


A, sfr 

A sfr 

3 


saddr, saddr’ 

(saddr) (saddr’) 

3 



* If [DE], [HL], [DE+], [DE-], [HL+] or [HL-] is described as mem, 
these instructions are used as dedicated 1 -byte codes. If the 
register name is described as &mem, the instructions are used as 
dedicated 2-bytes codes. 
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Instruction Set (cont) 





Flags 


Mnemonic Operand 

Operation 

Bytes 

Z 

AC 

CY 

16-Bit Data Transfer 

MOVW rp, #word 

rp •«- word 

3 




saddrp, #word 

(saddrp) word 

4 




sfrp, #word 

sfrp •<- word 

4 




rp, rp’ 

rp <- rp’ 

2 




AX, saddrp 

AX ^ (saddrp) 

2 




saddrp, AX 

(saddrp) ^ AX 

2 




AX, sfrp 

AX <- sfrp 

2 




sfrp, AX 

sfrp AX 

2 




AX, mem1 

AX <- (mem1) 

2 




AX, &mem1 

AX ^ (&mem1) 

3 




mem1, AX 

(mem1) AX 

2 




&mem1, AX 

(&mem1) >«- AX 

3 




8-Bit Operations 

ADD A, #byte 

A,CY^ A + byte 

2 

X 

X 

X 

saddr, #byte 

(saddr),CY <- (saddr) +byte 

3 

X 

X 

X 

sfr, #byte 

sfr,CY •«- sfr + byte 

4 

X 

X 

X 

r, r’ 

r,CY <- r + r’ 

2 

X 

X 

X 

A,saddr 

A,CY^A+ (saddr) 

2 

X 

X 

X 

A, sfr 

A,CY^ A + sfr 

3 

X 

X 

X 

saddr, saddr’ 

(saddr),CY <- (saddr) + (saddr’) 

3 

X 

X 

X 

A, mem 

A,CY A + (mem) 

2-4 

X 

X 

X 

A, &mem 

A,CY <- A + (&mem) 

3-5 

X 

X 

X 

ADDC A, #byte 

A,CY^ A + byte +CY 

2 

X 

X 

X 

saddr, #byte 

(saddr),CY (saddr) +byte +CY 

3 

X 

X 

X 

sfr, #byte 

sfr,CY sfr + byte + CY 

4 

X 

X 

X 

r, r’ 

r,CY *-r + r’ + CY 

2 

X 

X 

X 

A,saddr 

A,CY A + (saddr) +CY 

2 

X 

X 

X 

A, sfr 

A,CY^ A + sfr +CY 

3 

X 

X 

X 

saddr, saddr’ 

(saddr),CY (saddr) + (saddr’) +CY 

3 

X 

X 

X 

A, mem 

A,CY A + (mem) +CY 

2-4 

X 

X 

X 

A, &mem 

A,CY<-A +(&mem) +CY 

3-5 

X 

X 

X 
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Instruction Set (cont) 

Mnemonic Operand 

Operation 

Bytes 

Z 

Flags 

AC 

CY 

8-Bit Operations (cont) 

SUB A, #byte 

A,CY ^ A - byte 

2 

X 

X 

X 

saddr, #byte 

(saddr),CY ♦- (saddr) - byte 

3 

X 

X 

X 

sfr, #byte 

sfr,CY sfr - byte 

4 

X 

X 

X 

r, r’ 

r,CY r - r’ 

2 

X 

X 

X 

A,saddr 

A,CY - A - (saddr) 

2 

X 

X 

X 

A, sfr 

A,CY <- A - sfr 

3 

X 

X 

X 

saddr, saddr’ 

(saddr),CY ^ (saddr) - (saddr’) 

3 

X 

X 

X 

A, mem 

A,CY A - (mem) 

2-4 

X 

X 

X 

A, &mem 

A,CY — A - (&mem) 

3-5 

X 

X 

X 

SUBC A, #byte 

A,CY «- A - byte - CY 

2 

X 

X 

X 

saddr, #byte 

(saddr),CY (saddr) - byte - CY 

3 

X 

X 

X 

sfr, #byte 

sfr,CY ^ sfr - byte - CY 

4 

X 

X 

X 

r, r’ 

r,CY r - r’ - CY 

2 

X 

X 

X 

A,saddr 

A,CY - A - (saddr) - CY 

2 

X 

X 

X 

A, sfr 

A,CY -i- A - sfr - CY 

3 

X 

X 

X 

saddr, saddr’ 

(saddr),CY •*- (saddr) - (saddr’) - CY 

3 

X 

X 

X 

A, mem 

A,CY — A - (mem) - CY 

2-4 

X 

X 

X 

A, &mem 

A,CY A - (&mem) - CY 

3-5 

X 

X 

X 

AND A, #byte 

A <- A A byte 

2 

X 



saddr, #byte 

(saddr) (saddr) A byte 

3 

X 



sfr, #byte 

sfr ♦“ sfr A byte 

4 

X 



r, r’ 

r - r A r’ 

2 

X 



A,saddr 

A A A (saddr) 

2 

X 



A, sfr 

A ♦- A A sfr 

3 

X 



saddr, saddr’ 

(saddr) •<- (saddr) A (saddr’) 

3 

X 



A, mem 

A A A (mem) 

2-4 

X 



A, &mem 

A ^ A A (&mem) 

3-5 

X 



OR A, #byte 

A A V byte 

2 

X 



saddr, #byte 

(saddr) ♦- (saddr) V byte 

3 

X 



sfr, #byte 

sfr sfr V byte 

4 

X 



r, r’ 

r ♦- r V r’ 

2 

X 



A,saddr 

A ■*- A V (saddr) 

2 

X 



A, sfr 

A ^ A V sfr 

3 

X 



saddr, saddr’ 

(saddr) •«- (saddr) V (saddr’) 

3 

X 



A, mem 

A A V (mem) 

2-4 

X 



A, &mem 

A «- A V (&mem) 

3-5 

X 
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Instruction Set (cont) 





Flags 


Mnemonic Operand 

Operation 

Bytes 

Z 

AC 

CY 

8~Bit Operations (cont) 

XOR A, #byte 

A A "V byte 

2 

X 



saddr, #byte 

(saddr) ♦- (saddr) V byte 

3 

X 



sfr, #byte 

sfr sfr Y byte 

4 

X 



r, r’ 

r r V r’ 

2 

X 



A,saddr 

A A V (saddr) 

2 

X 



A, sfr 

A ^ A Y sfr 

3 

X 



saddr, saddr’ 

(saddr) <- (saddr) Y (saddr’) 

3 

X 



A, mem 

A A Y (mem) 

2-4 

X 



A, &mem 

A *- A Y (&mem) 

3-5 

X 



CMP A, #byte 

A - byte 

2 

X 

X 

X 

saddr, #byte 

(saddr) - byte 

3 

X 

X 

X 

sfr, #byte 

sfr - byte 

4 

X 

X 

X 

r. r’ 

r - r’ 

2 

X 

X 

X 

A,saddr 

A - (saddr) 

2 

X 

X 

X 

A, sfr 

A - sfr 

3 

X 

X 

X 

saddr, saddr’ 

(saddr) - (saddr’) 

3 

X 

X 

X 

A, mem 

A - (mem) 

2-4 

X 

X 

X 

A, &mem 

A - (&mem) 

3-5 

X 

X 

X 

16’Bit Operations 

ADDW AX, #word 

AX,CY-AX +word 

3 

X 

X 

X 

AX, rp 

AX.CY ^ AX + rp 

2 

X 

X 

X 

AX, saddrp 

AX,CY ^ AX + (saddrp) 

2 

X 

X 

X 

AX, sfrp 

AX,CY<-AX +sfrp 

3 

X 

X 

X 

SUBW AX, #word 

AX,CY ^ AX - word 

3 

X 

X 

X 

AX, rp 

AX,CY - AX - rp 

2 

X 

X 

X 

AX, saddrp 

AX,CY AX - (saddrp) 

2 

X 

X 

X 

AX, sfrp 

AX,CY - AX - sfrp 

3 

X 

X 

X 

CMPW AX, #word 

AX - word 

3 

X 

X 

X 

AX, rp 

AX-rp 

2 

X 

X 

X 

AX, saddrp 

AX - (saddrp) 

2 

X 

X 

X 

AX, sfrp 

AX - sfrp 

3 

X 

X 

X 


Multiptication/Di vision 

MULU r 

DIVUW r 


AX A X r 

AX(quotient),r(remalnder) ♦-AX r 


2 







JUPD78K2 Product Line 


Instruction Set (cont) 






Flags 


Mnemonic 

Operand 

Operation 

Bytes 

Z 

AC 

CY 

Increment/Decrement 

INC 

r 

rr +1 

1 

X 

X 



saddr 

(saddr) (saddr) +1 

2 

X 

X 


DEC 

r 

r<-r-1 

1 

X 

X 



saddr 

(saddr) •«- (saddr) - 1 

2 

X 

X 


INCW 

rp 

rp rp +1 

1 




DECW 

rp 

rp rp - 1 

1 




Shift/Rotate 

ROR 

r, n 

(CY,r 7 ro, rm -1 r^) x n times, n = 0-7 

2 



X 

ROL 

r, n 

(CY,ro rj, rrn+i <- r^) x n times, n = 0-7 

2 



X 

RORC 

r, n 

(CY <- ro, ry CY, rrr,_i r^) x n times, n = 0-7 

2 



X 

ROLC 

r, n 

(CY -e-ry, ro CY, rm+ r^) x n times, n = 0-7 

2 



X 

SHR 

r, n 

(CY <-ro, ry <- 0, r^-i r^) x n times, n = 0-7 

2 

X 

0 

X 

SHL 

r, n 

(CY <- ry, ro 0, rm+ 1 r^) x n times, n = 0-7 

2 

X 

0 

X 

SHRW 

rp, n 

(CY rpo, rpi 5 ^ 0, rprr,_i ^ rpj x n times, n = 0-7 

2 

X 

0 

X 

SHLW 

rp, n 

(CY ^ rpi 5 , rpo ^ 0, rp^+i rp^) x n times, n = 0-7 

2 

X 

0 

X 

ROR4 

mem1 

A 3-0 (mem1)3.o, (mem 1 )y .4 ^ A 3 . 0 , 

(mem 1 ) 3.0 ^ (mem 1 )y .4 

2 





&mem1 

A 3-0 (&mem 1 ) 3 .o, (&mem 1 ) 7.4 A 3 . 0 , 

(&mem 1 ) 3 .o (&mem 1 )y .4 

3 




ROL4 

mem1 

A 3-0 ^ (mem 1 ) 7 . 4 , (mem 1 ) 3 .o <- A 3 . 0 , 

(mem 1 )y .4 «- (mem 1 ) 3 .o 

2 





&mem1 

A 3-0 (&mem 1 )y. 4 , (&mem 1 ) 3 .o A 3 . 0 , 

(&mem 1 )y .4 <- (&mem 1 ) 3 .o 

3 




BCD Adjustment 

ADJBA 


Decimal adjust accumulator after addition 

1 

X 

X 

X 

ADJBS 


Decimal adjust acccumulator after subtraction 

1 

X 

X 

X 

Bit Manipulation 

MOV1 

CY, saddr.bit 

CY •«- (saddr.bit) 

3 



X 


CY, sfnbit 

CY sfr.bit 

3 



X 


CY, A.bit 

CY A.bit 

2 



X 


CY,X.bit 

CY ^ X.bit 

2 



X 


CY, PSWbit 

CY «- PSWbit 

2 



X 


saddr.bit, CY 

(saddr.bit) ^ CY 

3 





sfr.bit, CY 

sfr.bit ^ CY 

3 





A.bit, CY 

A.bit <- CY 

2 





X.bit, CY 

X.bitCY 

2 





PSWbit, CY 

PSWbit ^ CY 

2 

X 

X 
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|\|EC PPD78K2 Product Line 


Instruction Set (cont) 

Mnemonic 

Operand 

Operation 

Bytes 

Flags 

Z AC CY 

Bit Manipulation (cont) 

AND1 

CY, saddr.bit 

CY CY A (saddr.bit) 

3 

X 


CY, /saddr.bit 

CY ^ CY A (saddr.bit) 

3 

X 


CY, sfrbit 

CY<-CY A sfrbit 

3 

X 


CY, /sfr.bit 

CY CY A 

3 

X 


CY,A.bit 

CY ^ CY A A.bit 

2 

X 


CY, /A.bit 

CY 4- CY A Km 

2 

X 


CY, X.bit 

CY <- CY A X.bit 

2 

X 


CY, /X.bit 

CY ^ CY A XM 

2 

X 


CY, PSW.bit 

CY <- CY A PSW.bit 

2 

X 


CY, /PSW.bit 

CY <- CY A PSW.bit 

2 

X 

OR1 

CY, saddr.bit 

CY ^ CY V (saddr.bit) 

3 

X 


CY, /saddr.bit 

CY ^ CY V (saddr.bit) 

3 

X 


CY, sfnbit 

CY <- CY V sfrbit 

3 

X 


CY, /sfr.bit 

CY <- CY V 

3 

X 


CY, A.bit 

CY ^ CY V A.bit 

2 

X 


CY, /A.bit 

CY CY V A^bit 

2 

X 


CY, X.bit 

CY ^ CY V X.bit 

2 

X 


CY, /X.bit 

CY <- CY V 

2 

X 


CY, PSW.bit 

CY ^ CY V PSW.bit 

2 

X 


CY, /PSW.bit 

CY ^ CY V PSW.bit 

2 

X 

XOR1 

CY, saddr.bit 

CY ^ CY V (saddr.bit) 

3 

X 


CY, sfrbit 

CY<-CY¥ sfrbit 

3 

X 


CY,A.bit 

CY CY VA.bit 

2 

X 


CY, X.bit 

CY^CYV X.bit 

2 

X 


CY, PSW.bit 

CY ^ CY V PSW.bit 

2 

X 

SET1 

saddr.bit 

(saddr.bit) 1 

2 



sfr.bit 

sfr.bit ^ 1 

3 



A.bit 

A.bit 1 

2 



X.bit 

X.bit ^ 1 

2 



PSW.bit 

PSW.bit 1 

2 

XXX 


CY 

CY<- 1 

1 

1 

CLR1 

saddr.bit 

(saddr.bit) 0 

2 



sfr.bit 

sfr.bit <- 0 

3 



A.bit 

A.bit 0 

2 



X.bit 

X.bit - 0 

2 



PSW.bit 

PSW.bit - 0 

2 

XXX 


CY 

CY — 0 

1 

0 
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fiPD78K2 Product Line 


Instruction Set (cont) 





Flags 


Mnemonic Operand 

Operation 

Bytes 

Z 

AC 

CY 

Bit Manipulation (cont) 

NOT1 saddr.bit 

(saddr.bit) «- (saddr.bit) 

3 




sfr.bit 

sfr.bit <- sfr.bit 

3 




A.bit 

A.bit XbTt 

2 




X.bit 

X.bit - 

2 




PSW.bit 

PSW.bit ^ PSW.bit 

2 

X 

X 

X 

CY 

CY<-^ 

1 



X 

Call/Return 

CALL !addr16 

(SP-1) - (PC + 3)h. 

(SP - 2) - (PC + 3)l, 

PC addr16, SP - SP-2 

3 




rp 

(SP-1)-(PC+ 2)h, 

(SP - 2) <- (PC + 2)i, 

PCh rpH, PCl rpL, SP ♦- SP - 2 

2 




CALLF !addr11 

(SP - 1) (PC + 2)h, (SP - 2) (PC f 2)i, 

PCi 5 .li OOOO"*. PCio .0 acldri 1, SP SP - 2 

2 




CALL! [addrS] 

(SP-1) - (PC + 1)h, (SP -2)*- (PC + 1)l, 

PCh ^ (2 X addrS + 41H), PCj, ^ (2 x addrS 4- 40H), 

SP^ SP - 2 

1 




BRK 

(SP - 1) - PSW (SP - 2) <- (PC + 1)h, 

(SP-3) <- (PC + 1)l, 

PCl (003EH), 

PCh (003FH), SP SP - 3, IE «- 0 

1 




RET 

PCl (SP), PCh (SP + 1), SP -- SP + 2 

1 




RET1 

PCl ^ (SP), PCh - (SP + 1), PSW - (SP +2), 

SP - SP + 3, NMIS 0 

1 

R 

R 

R 

RETB 

PCl - (SP), PCh (SP + 1), 

PSW <-(SP+2), SP <«- SP + 3 

1 

R 

R 

R 

Stack Manipulation 

PUSH PSW 

(SP-I)^PSW, SP-SP-1 

1 




sfr 

(SP - 1) — sfr, SP — SP - 1 

2 




rp 

(SP - 1) <- rpH, (SP -2)*- rpL, SP - SP - 2 

1 




POP PSW 

PSW ^ (SP), SP <- SP + 1 

1 

R 

R 

R 

sfr 

sfr ^ (SP), SP <- SP + 1 

2 




rp 

rpL <- (SP), rpH ^ (SP +1), SP - SP + 2 

1 




MOVW SP, #word 

SP word 

4 




SP,AX 

SP^ AX 

2 




AX, SP 

AX <- SP 

2 




INCW SP 

SP ^ SP + 1 

2 




DECW SP 

SP ^ SP - 1 

2 
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JUPD78K2 Product Line 


Instruction Set (cont) 





Flags 

Mnemonic 

Operand 

Operation 

Bytes 

Z AC CY 

Unconditional Branch 

BR 

!addr16 

PC addr16 

3 



rp 

PCh rpH. PCl rpL 

2 



$addr16 

PC't- PC + 2 +jdisp8 

2 


Conditional Branch 

BC 

$addr16 

PC PC +2 + jdisp8 If CY = 1 

2 


BL 





BNC 

$addr16 

PC PC +2 + jdispS if CY = 0 

2 


BNL 





BZ 

$addr16 

PC ^ PC +2 + jdisp8 if CZ = 1 

2 


BE 





BNZ 

$addr16 

PC PC +2 + jdispS if CZ = 0 

2 


BNE 





BT 

saddr.bit, $addr16 

PC ■*- PC +3 ■fjdisp8 if (saddr.bit) = 1 

3 



sfr.bit, $addr16 

PC ♦- PC + 4 + jdisp8 if sfr.bit = 1 

4 



A.bit, $addr16 

PC PC + 3 + jdisp8 if A.bit == 1 

3 



X.bit, $addr16 

PC <- PC + 3 + jdisp8 if X.bit = 1 

3 



PSW.bit, $addr16 

PC PC + 3 + jdisp8 if PSWbit = 1 

3 


BF 

saddr.bit, $addr16 

PC *«- PC +4 + jdisp8 if (saddr.bit) =0 

4 



sfr.bit, $addr16 

PC <- PC + 4 + jdisp8 if sfr.bit =0 

4 



A.bit, $addr16 

PC ^ PC + 3 + jdisp8 If A.bit = 0 

3 



X.bit, $addr16 

PC PC + 3 + jdisp8 if X.bit = 0 

3 



PSW.bit, $addr16 

PC PC + 3 + jdisp8 if PSWbit = 0 

3 


BTCLR 

saddr.bit, $addr16 

PC PC +4 +jdisp8 if (saddr.bit) = 1 then reset (saddr.bit) 

4 



sfr.bit, $addr16 

PC PC + 4 + jdlsp8 if sfr.bit = 1 then reset sfr.bit 

4 



A.bit, $addr16 

PC PC + 3 + jdisp8 if A.bit = 1 then reset A.bit 

3 



X.bit, $addr16 

PC PC + 3 + jdisp8 if X.bit = 1 then reset X.bit 

3 



PSW.bit, $addr16 

PC PC + 3 +jdisp8 If PSWbit = 1 then reset PSWbit 

3 

XXX 

DBNZ 

r1, $addr16 

r1 <- r1 - 1, then PC PC + 2 +jdisp8 if r1 ^ 0 

2 



saddr, $addr16 

(saddr) (saddr) - 1, then PC PC + 3 + jdisp8 if (saddr) 0 

3 


CPU Control 

MOV 

STBC, #byte 

STBC byte 

4 


SEL 

RBn 

RBS1-0 *- n, n =0-3 

2 


NOP 


No Operation 

1 


El 


IE 1 (Enable Interrupt) 

1 


Dl 


IE ^ 0 (Disable Interrupt) 

1 
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jLfPD78K2 Product Line 


Interrupt Vectors: (;tPD78214, ;tPD78218, ftPD78238, and /tPD78244 Families) 


Default j 
Priority 
Level 
(Note1) 

Signal Name 

interrupt 

Source 

Register 

Flag 

Mask 

Flag 

Service 

Mode 

Priority 

Flag 

Vector 

Table 

Address 

Macro 

Service 

Type 

Macro 
Service 
Mode Reg. 
Address 

Software 

None 

I BRK instruction 

I Software 

— 




003EH 

I None 

I None 

Nonmaskable 

None 

NMI (pin input edge) 

External signal 

_ 

- 

~ 

- 

002H 

None 

None 


Maskable 


0 

INTPO (pin input 
edge) 

External signal 

PIFO 

PMKO 

PISMO 

PPRO 

0006H 

A, B 

FEC8H 

1 

INTP1 (pin input 
edge) 


PIF1 

PMK1 

P1SM1 

PPR1 

0008H 

A, B 

FEC6H 

2 

1NTP2 (pin input 
edge) 


PIF2 

PMK2 

P1SM2 

PPR2 

OOOAH 

A, B 

FEC4H 

3 

INTP3 (pin input 
edge) 


PIF3 

PMK3 

PISM3 

PPR3 

OOOCH 

B 

FEC2H 

4 

INTCOO (TMO-CROO 
match signal) 

16-bit timer 0 

CIFOO 

CMKOO 

CiSMOO 

CPROO 

0014H 

B 

FEDOH 

5 

INTC01 (TM0-CR01 
match signal) 


CIF01 

CMK01 

C1SM01 

CPR01 

0016H 

B 

FECEH 

6 

INTC10 (TM1-CR10 
match signal) 

8-bit timer 1 

CIF10 

CMK10 

CISM10 

CPR10 

0018H 

A, B, C 

FED8H 

7 

INTC11 (TM1-CR11 
match signal) 


CIF11 

CMK11 

C1SM11 

CPR11 

001 AH 

A, B, C 

FED6H 

8 

INTC21 (TM2-CR21 
match signal) 

8-bit timer/counter 2 

C1F21 

CMK21 

CISM21 

CPR21 

001CH 

A, B 

FECAH 

9 

INTP4 (pin input 
edge) 

External signal 

PIF4 

PMK4 

PISM4 

PPR4 

OOOEH 

B 

FED4H 


INTC30 (TM3-CR30 
match signal) 

8-bit timer 3 






A, B 


10 

INTP5 (pin input 
edge) 

External signal 

PIF5 

PMK5 

P1SM5 

PPR5 

0010H 

B 

FED2H 


INTAD (A/D 
conversion complete) 

A/D converter 






A, B 


11 

INTC20 (TM2-CR20 
match signal) 

8-bit timer/counter 2 

CIF20 

CMK20 

CISM20 

CPR20 

0012H 

A, B 

FECDH 

1 

12 

INTSER 

(asynchronous serial 
receive error) 

Asynchronous 

serial 

interface 

SERIF 

SERMK 


SERPR 

0020H 

None 

None 

13 

INTSR (asynchronous 
serial receive 
complete) 


SRIF 

SRMK 

SRISM 

SRPR 

0022H 

A, B 

FEDEH 

14 

INTST (asynchronous 
serial transmit 
complete) 


STIF 

STMK 

STISM 

STPR 

0024H 

A, B 

FEDCH 

15 

INTCSI (clocked serial 
Interface transfer 
complete) 

Clocked serial 
interface 

CSIIF 

CSIMK 

CSlISM 

CSIPR 

0026H 

A, B 

FEDAH 
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JIIPD78K2 Product Line 


Interrupt Vectors: (;tPD78214, ^PD78218, /tPD78238, and ftPD78244 Families) (cont) 


Default 
Priority 
Level 
(Note 1) 

Signal Name 

Interrupt 

Source 

Register 

Flag 

Mask 

Flag 

Service 

Mode 

Priority 

Flag 

Vector 

Table 

Address 

Macro 

Service 

Type 

Macro 
Service 
Mode Reg. 
Address 

16 

INTEER (EEPROM 
error) 

(;iPD78244 family 
only) 

EEPROM 

EERIF 

EERMK 


EERPR 

0028H 

None 

None 

17 

INTEPW( EEPROM 
write) 

(A/PD78244 family 
only) 

EEPROM 

EPWIF 

EPWMK 


EPWPR 

002AH 

None 

None 


Notes: 

(1) The default priority is a fixed numeric value indicating which the same priority has simultaneously occurred, 

interrupt takes precedence when more than one interrupt with 


Interrupt Vectors: (mPP 78224 Family) 


Default 

Priority 

Level 

(Notel) 

Signal Name 

Interrupt 

Source 

Register 

Flag 

Mask 
Flag j 

Service 

Mode 

Priority 

Flag 

Vector 

Table 

Address 

Macro 

Service 

Type 

Macro 
Service 
Mode Reg. 
Address 

Software 

None 

BRK instruction 

Software 

- 

- 

- 

- 

003EH 

None 

None 


Nonmaskable 


None 

NMI (pin input edge) 

External signal 

— 

— 

— 

— 

002EH 

None 

None 

1 

Maskable 

0 

INTPO (pin input 
edge) 

External signal 

PIFO 

PMKO 

— 

PPRO 

0006H 


None 

1 

INTP1 (pin input 
edge) 


PIF1 

PMK1 

— 

PPR1 

0008H i 

None 

None 

2 

INTP2 (pin input 
edge) 


PIF2 

PMK2 

~ 

PPR2 

OOOAH 

None 

None 

3 

INTP3 (pin input 
edge) 


PIF3 

PMK3 

~ 

PPR3 

OOOCH 

None 

None 

4 

INTCOO (TMO-CROO 
match signal) 

16-bit timer 0 

CIFOO 

CMKOO 

~ 

CPROO 

0014H 

None 

None 

5 

1NTC01 (TM0-CR01 
match signal) 


CIF01 

CMK01 

— 

CPR01 

0016H 

None 

None 

6 ! 

1 

INTC10 (TM1-CR10 
match signal) 

8-bit timer 1 

CIF10 

CMK10 

C1SM10 

CPR10 

0018H 

A, B. C 

FED8H 

7 

INTC11 (TM1-CR11 
match signal) 


CIF11 

i 

CMK11 

CISM11 

CPR11 

001 AH 

A, B, C 

FED6H 

8 

INTC21 (TM2-CR21 
match signal) 

8-bit timer/counter 2 

CIF21 

CMK21 

— 

CPR21 

001CH 

None 

None 

9 

INTP4 (pin input 
edge) 

External signal 

P1F4 

i 

PMK4 

PISM4 

PPR4 

OOOEH 

I 

B 

FED4H 

10 

INTP5 (pin input 
edge) 


PIF5 

PMK5 

— 

PPR5 

001 OH 

None 

None 

11 

INTP6 (pin input 
edge) 


CIF20 

CMK20 

— 

CPR20 

0012H 

None 

None 









ffPD78K2 Product Line 


Interrupt Vectors: (/tPD78224 Family) (cont) 


Default 
Priority 
Level 
(Note 1) 

Signal Name 

Interrupt 

Source 

Register 

Flag 

Mask 

Flag 

Service 

Mode 

Priority 

Flag 

Vector 

Table 

Address 

Macro 

Service 

Type 

Macro 
Service 
Mode Reg. 
Address 

12 

INTSER 

(asynchronous serial 
receive error) 

Asynchronous 

serial 

Interface 

SERIF 

SERMK 


SERPR 

i 

0020H 

None 

None 

13 

INTSR (asynchronous 
serial receive 
complete) 

SRIF 

SRMK 

SRISM 

SRPR 

0022H 

A, B 

FEDEH 

14 

INTST (asynchronous 
serial transmit 
complete) 

STIF 

STMK 

STISM 

STPR 

0024H 

A, B 

FEDCH 

15 

INTCSI (clocked serial 
Interface transfer 
complete) 

Clocked serial 
interface 

CSIIF 

CSIMK 

CSlISM 

CSIPR 

0026H 

A, B 

FEDAH 


Notes: 


(1) The default priority is a fixed numeric value indicating which 
interrupt takes precedence when more than one interrupt with 
the same priority has simultaneously occurred. 
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ffPD78K3 Product Line 


Section 5 

;iPD78K3 Product Line 

16-/8-Bit, K-Series Microcontroliers 

/iPD78312A Family 

OLiPD78310A/312A/P312A) 

16-/8-Bit, K-Series Microcontrollers 

With Real-Time Output Ports 

5-a 

/tPD78322 Family 

(UPD78320/322/P322) 

16-/8-Bit, K-Series Microcontrollers 

With A/D Converter, Real-Time Output Ports 

5-b 

/liPD 78352 Family 

(/L/PD78350/352A/P352) 

16-/8-Bit, K-Series Microcontrollers 

With Real-Time Output Ports 

5-c 

f>iPD78356 Family 

0L/PD78355/356/P356) 

16-/8-Bit, K-Serles Microcontrollers 

With A/D Converter and Convolution 

Capability 

5-d 






ffPD78312A Family 

MEC (fiPD78310A/312A/P312A) 

NEC Electronics Inc. 16-/8-Bit, K-Series Microcontrollers 

With Real-Time Output Ports 

September 1993 


Description 

The /iPD78310A, /iPD78312A, and pPD78P312A are 
members of the K-Series® of microcontrollers and are 
designed for use in process control. They perform all 
the usual process control functions and are particu¬ 
larly well-suited for driving stepping motors and dc 
motors in servo loops. The processors include on-chip 
memory, timers, input/output registers, and a powerful 
interrupt handling facility. The /jPD 78310A/312A is con¬ 
structed of high-speed CMOS circuitry and operates 
from a single + 5-volt power supply. 

The input frequency (maximum 12 MHz) is derived from 
an external crystal or an external oscillator. The inter¬ 
nal processor clock is two-phase, and thus machine 
states are executed at a rate of 6 MHz. The shortest 
instructions require three states, making the minimum 
time 500 ns. The CPU contains a three-byte instruction 
prefetch queue, which allows a subsequent instruction 
to be fetched during execution of an instruction that 
does not reference memory. 

Program memory is 8K bytes of mask-programmable 
ROM (/L/PD78312A only), and data memory is 256 bytes 
of static RAM. The ^PD78310A is the ROMIess version. 
^PD78P312A is a prototyping chip for /iPD78312A. It has 
an on-chip 8K EPROM instead of a mask ROM. 

Features 

□ Complete single-chip microcontroller 

— 16-bit ALU 

— 8K ROM (iuPD78312A only) 

— 256 bytes RAM 

— 1-bit and 8-bit logic 

□ Instruction prefetch queue 

□ 16-bit unsigned multiply and divide 
° String instructions 


□ Memory expansion 

— 8085A bus-compatible 

— Total 64K address space 

□ Large I/O capacity: up to 32 I/O port lines 

□ Extensive timer/counter system 
—Two 16-blt up/down counters 

— Quadrature counting 

— Two 16-blt timers 

— Free-running counter with two 16-blt capture 
registers 

-Pulse-width modulated outputs 

— Timebase counter 

□ Four-channel 8-bit A/D converter 
° Two 4-bit real-time output ports 

□ Two nonmaskable interrupts 

□ Eight hardware priority interrupt levels 

□ Macro service facility for interrupts gives the effect 
of eight DMA channels 

□ Bidirectional serial port 

— Either UART or interface mode 

— Dedicated baud rate generator 

□ Watchdog timer 

□ Refresh output for pseudostatic RAM 

□ Programmable HALT and STOP modes 

□ One-byte call instruction 

□ On-chip clock generator 

□ CMOS silicon gate technology 

□ +5-volt power supply 


K-Series is a registered trademark of NEC Eiectronics, Inc. 
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Ordering Information 

Part Number 

ROM 

Package 

Package Drawing 

/iPD78310ACW 

A/PD78312ACW-XXX 

/iPD78P312ACW 

ROMIess 

8K mask ROM 

8K OTP ROM 

64-pin plastic shrink DIP 

P64C-70-750 A,C 

/iPD78310AGF-3BE 

/iPD78312AGF-xxx-3BE 

//PD78P312AGF-3BE 

ROMIess 

8K mask ROM 

8K mask ROM 

64-pin plastic QFP 

P64GF-100-3B8, 3BE-1 

/iPD78310AGQ-36 

/iPD78312AGQ.xxx-36 

/UPD78P312AGQ-36 

ROMIess 

8K Mask ROM 

8K OTP ROM 

64-pln plastic QUIP 

P64GQ-100-36 

/iPD78310AL 

//PD78312AL-XXX 

AiPD78P312AL 

ROMIess 

8K Mask ROM 

8K OTP ROM 

68-pln plastic PLCC 

P68L-50A1-1 

jLfPD78P312ADW 

EPROM 

64-pln ceramic shrink DIP with window (350 mil) 

P64DW-70-750A 

AiPD78P312AR 

EPROM 

64-pln ceramic QUIP with window 

P64RQ-100-A 


XXX is the ROM code number. 


Pin Configurations 


64’Pin Shrink DIP and QUIP, Plastic and Ceramic 


POotl 

pr-v 

64 

□ Vdd 

P 0 i c 

2 

63 

□ P 47 /AD 7 

PO 2 ^ 

3 

62 

□ P4eMDe 

POqC 

4 

61 

□ P 45 /AD 5 

PO 4 II 

5 

60 

□ P 44 /AD 4 

PO 5 C: 

6 

59 

□ P 43 /AD 3 

POgC 

7 

58 

□ P 42 /AD 2 

PO 7 C 

8 

57 

□ P4i/ADi 

PlQ^ 

9 

56 

□ P4o/ADo 

P1 1 c 

10 

55 

□ ALE 

Pl 2 t^ 

11 

54 

□ WR 

PI 3 II 

12 

53 

□ RD 

PI 4 C: 

13 

52 

□ RESET/PROG 

Pl5f= 

14 

51 

□ EA/Vpp 

Pl 6 ^^ 

15 

50 

□ P 57 /A 15 

PI 7 C 

16 

49 

□ P56/Ai4 

P 20 /NMI C 

17 

48 

□ P 55 /A 13 

P21/INTE0 C 

18 

47 

□ P54/A-I2 

P 22 nNTE 1 C 

19 

46 

□ P 53 /A 11 

P 23 ^INTE 2 C 

20 

45 

□ P 52 /A 10 

P 24 n-xD C 

21 

44 

□ P 51 /A 9 

P 25 /RXDC: 

22 

43 

□ P5o/A8 

P 2 e^SCK C 

23 

42 

□ P37/CLR1/r01 

P 27 /^C 

24 

41 

□ P3e/CLRO/TOO 

R^C 

25 

40 

□ P 35 /PWMI 

P30/CI0 C 

26 

39 

□ P 34 /PWMO 

PSi/CTRLO C 

27 

38 

□AVss 

P3^CI1 C 

28 

37 

□ AVref 

P33^CTRL1 C 

29 

36 

□ AN3 

XI c 

30 

35 

□ AN2 

X2C 

31 

34 

□ AN1 

VssC 

32 

33 

□ ANO 
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Pin Configurations (cont) 
64-Pin Plastic QFP 
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Pin Configurations (cont) 

6S-Pin PLCC (Plastic Leaded Chip Carrier) 
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Pin Identification 


Symbol 

Function 

ANO-AN3 

A/D converter Inputs 

ALE 

Address latch enable output 

EA/Vpp 

External access control input; programming 
voltage 

PO 7 - POq 

I/O port 0 

P17-PI0 

I/O port 1 

P 2 o/NMI 

Nonmaskable interrupt input 

P2i - P23/ 

INTEO-INTE2 

Maskable Interrupt inputs 

P 24 /TXD 

I/O port 2; serial transmit output 

P 25 /RXD 

I/O port 2; serial receive input 

P2q/S^ 

I/O port 2; serial clock output 

P 27 /^ 

I/O port 2 ; clear to send input 

P 3 o/CIO 

Up/down counter 0 Input 

P3-,/CTRL0 

Up/down counter 0 control input 

P32/CI1 

Up/down counter 1 input 

P 33 /CTRLI 

Up/down counter 1 control input 

P 34 /PWMO 

I/O port 3; pulse width modulated output 0 

P 35 /PWMI 

I/O port 3; pulse width modulated output 1 

P36/CLRO/TOO 

I/O port 3; counter 0 clear input timer 0 output 

P 37 /CLRI/TOI 

I/O port 3; counter 1 clear input; timer 1 output 

P 47 -P 40 /AD 7 -AD 0 

I/O port 4; external address/data bus 

P 57 - P5o/A-|5 - As 

I/O port 5; high address byte output 


Read strobe output 

RESET/PROG 

External reset input; PROM programming mode 

RFSH 

Refresh output 

WR 

Write strobe output 

X1 

External crystal or external clock input 

X2 

External crystal 

AVref 

A/D reference voltage 

AVss 

Analog ground 

Vdd 

Power supply 

Vss 

Power return 


Pin Functions 

ANO - AN 3 (A/D Converter Inputs). ANO - AN3 are the 
four program selectable input channels for the A/D 
converter. 

ALE (Address Latch Enable). ALE is the address latch 
enable. It is to be used by external circuitry to latch the 
low-order 8 address bits during the first part of a read 
or write cycle. 

EA/Vpp. On /iPD78312A, a low on EA enables ^e of 
external memory in place of on-chip ROM. The EA pin 
must be low on ^PD78310A. On the pPD78P312A, this 
pin is used for programming voltage. In normal opera¬ 
tion, it must be connected to Vdd- 

PO7 - POo (Port 0 ). Port 0 consists of 8 bits, individually 
programmable for input/output or two 4-bit real-time 
(timer controlled) output ports. 

PI7 - PIq (Port 1). Port 1 consists of 8 bits, individually 
programmable for input/output. 

P2o/NMI (Port 2; Nonmaskable Interrupt). Port P2o is 
dedicated to NMI, the nonmaskable external interrupt 
request. 

P2i - P23/INTEO-INTE2 (Port 2; Maskable 
Interrupts). Ports P2i - P 23 are dedicated to INTEO, 
INTE1, and INTE2, the maskable external interrupt 
requests. 

P24/TXD (Port 2; Serial Transmit). P 24 is an I/O port bit 
or the transmitted serial data output. 

P25/RXD (Port 2; Serial Receive). P 25 is an I/O port bit 
or the received serial data Input. 

P26/SCK (Port 2; Serial Clock). P26 is an I/O port bit or 
the serial shift clock output. 

P 27 /CTS (Port 2 ; Clear to Send). P 27 is an I/O port bit 
or clear-to-send input (external serial transmission 
control) in the asynchronous communication mode. In 
the serial I/O interface mode, it becomes the serial 
receive clock I/O pin. 
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P3o/CIO (Port 3; Counter 0 ). Port P3o is dedicated to 
CIO, the external count input for up/down counter 0. 

P3i/CTRL0 (Port 3; Counter 0 Control). Port P3o is 
dedicated to CTRLO, the external control input for 
up/down counter 0 . 

P 32 /CI 1 (Port 3; Counter 1 ). Port P 32 is dedicated to 
CI1, the external count Input for up/down counter 1. 

P 33 /CTRLI (Port 3; Counter 1 Control). Port P 33 Is 
dedicated to CTRL 1 , the external control input for 
up/down counter 1 . 

P 34 /PWMO (Port 3; Pulse Width 0). P 34 Is an I/O port 
bit or the pulse-width modulated output 0. 

P 35 /PWMI (Port 3; Pulse Width 1 ). P 35 is an I/O port 
bit or the pulse-width modulated output 1 . 

PSe/CLRO/TOO (Port 3; Counter 0 Clear; Timer 0). P36 
is an I/O port bit, or the clear Input for up/down counter 
0, or the timer 0 flip-flop output. 

P 37 /CLRI/TOI (Port 3; Counter 1 Clear; Timer 1). 

P37 is an I/O port bit, or the clear Input for up/down 
counter 1, or the timer 1 flip-flop output. 

P4o - P 47 /AD 0 - AD 7 (Port 4; External Address/Data 
Bus). Port 4 consists of 8 bits, programmable as a unit 
for Input or output, or as the multiplexed address/data 
bus if external memory or external interface circuitry Is 
used. The port l^ontrolled by the memory mapping 
register. If the EA pin is low, port 4 is always an 
address/data bus. 

P5o - P 57 /A 8 - Ai 5 (Port 5; High-Address Byte). Port 5 
consists of 8 bits, individually programmable for Input 
or output, or the high-order address bits for external 
memory. Under control of the memory mask register, 
bits PSs - P5o are used for 4K memory expansion, bits 
PSs - P5o for 16K memory expansion, or bits P 57 - PSq 
for 56K memory expansion. If the EA pin Is low, port 5 is 
always the high-order address bus. 


RD (Read Strobe). RD is the read strobe output. It is to 
be used by external memory (or data registers) to 
place data on the I/O bus during a read operation. 

RESET/PROG. This pin is used for the external reset 
input. A low level sets all registers to their specified 
reset values. During programming of the )LiPD78P312A, 
this pin Is usedto placethe device into PROM program¬ 
ming mode. 

RFSH (Refresh). RFSH is the refresh pulse output to be 
used for external pseudostatic RAM. 

WR (Write Strobe). WR is the write strobe output. It Is 
to be used by external memory (or data registers) to 
latch data from the I/O bus during a write operation. 

XI, X2 (External Crystal or Clock Input). X1 and X2 
are the external oscillator inputs or the connections for 
an external crystal. If an external clock is used, it is 
connected to X1 and its inverse is connected to X2. The 
system clock frequency Is half the input frequency. 

AVref (A/D Reference Voltage). AVref is the reference 
voltage input for the A/D converter. 

AVss (Analog Ground). AVss is the analog ground pin. 

VpD (Power Supply). Vdd is the positive power supply 
input. 

Vss (Power Return). Vss is the power supply return, 
normally ground. 
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Block Diagram 



5a 


7 




















fiPD78312A Family 


FUNCTIONAL DESCRIPTION 

On-chip features designed to facilitate process control 
Include two 16-bit timers, quadrature counting, two 
16-blt up/down counters, two pulse-width modulated 
outputs, a free-running counter with two capture regis¬ 
ters, two 4-bit real-time (timer-controlled) output ports, 
an 8 -bit A/D converter with four input channels, a 
timebase counter to generate widely spaced Interrupts, 
and a watchdog timer to guard against Infinite pro¬ 
gram loops. 

In addition, a serial I/O port can be used In either an 
interface mode or an asynchronous communication 
mode. HALT and STOP modes are provided to conserve 
power at times when CPU action is not required. 

All I/O, timer, and control registers are defined as 
special function registers and assigned addresses in 
the top 256 bytes of memory. The special function 
registers may be operated on directly by many of the 
arithmetic, logic, and move instructions of the CPU. 
Table 1 describes the registers. 

Addressing 

The/iPD78312A fami ly features Tbyte address! ng of the 
special function registers and l-byte addressing of the 
internal RAM. There are nine modes of addressing main 
memory. Including autoincrement, autodecrement, in¬ 
dexing, and double indexing. There are 8 - and 16-bit 
immediate operands. 


Figure 1. Memory Map 


FFFFH 

FEOOH 


OFFFH 


External 
Memory Only 


Internal 

ROM 

fiPD78312A 

or 


PROM 

|xPD78P312A 


FFOOH 

\ 

\ 

\ FE80H 
\ 

\ 

\ FEOOH 


' OFFFH 


0800H 


0040H 

OOOOH 


Special Function 
Registers 


Register | 
Storage | 

Available I 
storage I 


Internal 

RAM 


CallF Area 


CallT Table Area 


Vector Table Area 
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General Registers 


External Memory 

External memory (figure 1) is supported by I/O port 4, 
an 8 -bit multiplexed address/data bus. The memory 
mapping register controls the size of external memory 
as well as the number of additional wait states. High- 
order address bits are taken from I/O port 5 as required. 
No bits are required for 256 bytes of external memory; 
bits P 53 - P5o are used for 4K bytes, P 55 - P5o for 16K 
bytes, and PSy - P5o for 56K bytes. Any remaining port 5 
bits are available for I/O. 

Refresh 

The //PD78312A has a refresh signal for use with the 
pseudostatic RAM. The refresh cycle can be set to one 
of four intervals ranging from 2.67 to 21.3/is. The 
refresh is timed to follow a read or write operation so 
that there is no interference. 


The CPU has sixteen 8 -bit registers (figure 2) that can 
also be used in pairs to function as 16-bit registers. A 
complete set of 16 general registers is mapped into 
each of 8 program-selectable register banks stored In 
RAM. Three bits in the PSW specify which of the register 
banks is active at any given time. Each register bank 
has two program-selectable accumulators. 

The general registers of the /JPD78312A have both 
absolute and functional names. AX is the functional 
name for the accumulator. Setting the RSS bit in the 
PSW to 1 transfers the AX and BC registers from their 
normal RPO and RP1 positions to RP2 and RP3 as 
shown in figure 2. This adds considerable program¬ 
ming flexibility. 
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Figure 2. Register Designation and Storage 
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Program Status Word 





Following Is the program status word format. 


0 

RBg 

RBi 

RBo 

0 

0 


0 

15 







8 

S 

Z 

RSS 

AC 

UF 

P/V 

SUB 

CY 


7 0 


AX[RP01 


X[RO] 


B[R3] C[R21 

BC [RPIl 


"le R4 

RP2 


R7 R6 

RP3 


VPh[R 91_]_ V^[R8j_ 
VP [RP4] 


UPh[R111 UPlERIO] 


UP [RP51 


D[R131 E[R121 

DE [RP6] 


H[R15] ^ L[R141 

HL[RP71 


A[R5]|X[R4I 

AX[RP2I 


^P^|c[Rei 
BC [RP31 


Register 

Bank 

7 


6 


5 


4 


3 


2 


1 


0 


RB 2 - RBq 

Active register bank number 

IE 

Interrupt enable 

S 

Sign (1 If last result was negative) 

z 

Zero (1 if last result was zero) 

RSS 

Register set select 

AC 

Auxiliary carry (carry out of 3rd bit) 

UF 

User flag 

P/V 

Parity or arithmetic overflow 

SUB 

Subtract (1 if last operation was 


subtract) 

CY 

Carry 


Input/Output 

All ports may be used for either latched output or high- 
impedance input. All ports except port 4 are bit- 
programmable for input or output. Port 0 is used for 
real-time or normal I/O. Port 1 Is used for normal I/O. 
The low nibble of ports 2 and 3 is always used for 
control and the high nibble for control or normal I/O. 
Port 4 is used for the external address/data bus or 
byte-programmable I/O. Port 5 is used for the high bits 
of the external address or for normal I/O. 

Real-Time Output Port 

The real-time output port shares pins with I/O port 0. 
The high and low nibbles are treated separately or 
together. Data is transferred from a buffer to the port 
latches on either a timer or software command. 


Serial Port 

The serial port can operate in UART or interface mode 
with the baud rate and byte format under program 
control. The serial port also includes a dedicated baud 
rate generator. 


Pulse-Width Modulated Outputs 


The two independent pulse-width modulated outputs 
are controlled by two 16-bit modulus registers and 
counters. There are four programmable repetition rates 
ranging from 91.6 Hz to 23.4 MHz. Figure 3 shows one of 
these outputs. 



Timers 

The /JPD78312A has two 16-blt timers. The inputs to 
these timers may be the internal clock divided by 6; 
12(TM0) or 128. Each timer has an associated modulus 
register to store the timer count. The timer counts down 
to zero, sets a flag, reloads from the modulus register, 
and then counts down again. The timer flags can be 
used under program control to generate Interrupt re¬ 
quests and/or a square-wave output. TMO also func¬ 
tions optionally as two one-shot timers. 

Figure 4 is a diagram of the interval timers. 

There is a free-running counter that counts the internal 
clock divided by 4 or by 16. The counter has two 16-bit 
capture registers. Capture Is triggered by an external 
Interrupt request or by the up/down counter clock. 

The timebase counter generates a signal at one of four 
intervals ranging from 170 fjs to 175 ms. The signal can 
be used to generate an interrupt request and/or an 
up/down counter capture. 
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Up/Down Counters 

The /iPD78312A has two 16-bit up/down counters, each 
of which has two capture/compare registers. There are 
three modes of operation; compare and interrupt, cap¬ 
ture on external command, and capture on timebase 
counter command. There are five sources of counts: 
the internal clock divided by 3, the external clock, 
external Independent up and down Inputs, external 
clock with direction control, and external clock with 
automatic up/down discrimination. Figure 5 shows an 
up/down counter. 


Figure 5. Up/Down Counter Block Diagram 
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Quadrature Counting 

The two up/down counters, UDCO and UDC1, have an 
optional quadrature counting mode, which is activated 
by specifying mode 4 in the counter unit input mode 
register, CUIM. It Is designed to count the output of a 
two-phase pulsed optical shaft angle encoder. The 
input for phase A is the CIO (or CM) pin, and the input 
for phase B Is the CTRLO (or CTRL1) pin. The counter 
UDCO (or UDC1) is Incremented or decremented at 
both positive and negative transitions of both Input 
signals. Whether it is incremented or decremented is 
dependent upon the relative phase of the two signals as 
illustrated in figure 6. 


Figure 6. Counter Operation (Mode 4) 



Standby Modes 

HALT and STOP modes conserve power when CPU 
action is not required. In HALT mode, the CPU stops 
and the clock continues to run. Maskable interrupts can 
restart the CPU. 

In STOP mode, the CPU and clock are both stopped. A 
RESET pulse or the nonmaskable external interrupt Is 
required to restart them. There Is also the option of 
slowing the system clock by a factor of four. The 
standby control register controls the standby modes 
and is a protected location written to only by a special 
instruction. 

Watchdog Timer 

The watchdog timer protects against inadvertent pro¬ 
gram loops. A nonmaskable interrupt occurs if the 
timer Is not reset before a timeout occurs. There are 
four program-selectable Intervals ranging from 5.5 to 
349.3 ms. The watchdog timer can be disabled by 
software. The watchdog timer mode register controls 
the watchdog timer and is a protected location written 
to only by a special instruction. 


A/D Converter 

The A/D converter has four input channels and can 
operate in either scan or select mode. The A/D con¬ 
verter performs 8-bit successive approximation con¬ 
versions, has a 30-fJs conversion time, and is triggered 
either internally or externally. The A/D converter in¬ 
cludes an on-chip sample and hold amplifier. 

Interrupts 

There are two nonmaskable Interrupt sources: the ex¬ 
ternal nonmaskable interrupt and the watchdog timer. 
Their relative priorities are software selectable. 

There are eight hardware priority interrupt levels, level 
0 having the highest priority and level 7 the lowest. The 
15 maskable interrupt sources (table 2) are divided into 
five groups, and each group can, under program con¬ 
trol, be assigned to any one of the priority levels. 

Interrupts may be serviced by routines entered either 
by vectoring or by context switching. Context switch¬ 
ing automatically saves all the general registers, the 
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program status word, and the program counter Figure 
7 illustrates the mechanism of context switching. 

Finally, an optional macro service function transfers 
data between any one special function register and 
memory without program intervention. 

Figure 7. Hardware Context Switching 


Cu rrent Active Reglste r New Active Register 

Bank Bank 


AX 



Save^ 

AX 

BC 

BC 

RP2 

PC 

Save Area 





Save^ 

RP3 

PSW 
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VP 





VP 

UP 





UP 

DE 





DE 

HL 





HL 

Program 
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Figure 8. Macroservice Pointer Addresses 


Register 
Bank 1 


Register 

BankO 


15 8 7 0 Channel 



MSP4 

FEEOH " 

f FEE3H 

SFRP4 

MSC4 

FEE2H ^ 


MSP5 I 

FEE4H ^ 

FEE7H 

SFRP5 

MSC5 

FEE6H ^ 


MSP6 I 

FEE8H 

FEEBH 

SFRP6 

MSC6 

FEEAH ^ 


MSP7 I 

FEECH " 

V FEEFH 

SFRP7 

MSC7 

FEEEH ^ 


MSPO I 

FEFOH ^ 

f FEF3H 

SFRPO 

MSCO 

FEF2H ^ 


MSP1 I 

FEF4H ^ 

FEF7H 

SFRP1 

MSC1 

FEF6H ^ 


MSP2 1 

FEF8H " 

FEFBH 

SFRP2 

MSC2 

FEFAH ^ 


MSP3 1 

FEFCH " 

V FEFEH 

SFRP3 

MSC3 

FEFEH ^ 


Note: 

[1] The macro senrice pointers share storage with register banks 0 and 1. 

[2] MSP=Memory address pointer 
SFRP=Speclal function register pointer 
MSC=Transfer counter 

83RC-94e3A 
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Macro Service 

The macro service controller can be programmed to 
perform word or byte transfers. It can transfer data 
from a special function register to memory or from 
memory to a special function register. Transfer events 
are triggered by Interrupt requests and take place 
without software intervention. 

There are eight macro service channels; channel con¬ 
trol Information Is stored in RAM. This information 
(figure 8) consists of a 16-blt memory address (option¬ 
ally incremented at each transfer), and 8-bit special 
function register designator, and an 8-bit transfer 
counter (decremented at each transfer). When the 
count equals 0, a context switch or vectored interrupt 
occurs. 
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Table 1. 

Special Function Registers 






Address 

Register (SFR) 

Symbol 


R/W 

16-Bit Transfer 

State After Reset 

FFOOH 

I/O port 0 

PO 


R/W 

No 

Undefined 

FF01H 

I/O port 1 

PI 


R/W 

No 

Undefined 

FF02H 

I/O port 2 

P2 


R/W (Note 1) 

No 

Undefined 

FF03H 

I/O port 3 

P3 


R/W (Note 1) 

No 

Undefined 

FF04H 

I/O port 4 

P4 


R/W 

No 

Undefined 

FF05H 

I/O port 5 

P5 


R/W 

No 

Undefined 

FF08H 

FF09H 

Capture/compare register 00 

CROOL 

CROOH 

CROO 

R/W 

Yes 

Undefined 

FFOAH 

FF08H 

Capture/compare register 01 

CR01L 

CR01H 

CR01 

R/W 

Yes 

Undefined 

FFOCH 

FFODH 

Capture/compare register 10 

CR10L 

CR10H 

CR10 

R/W 

Yes 

Undefined 

FFOEH 

FFOFH 

Capture/compare register 11 

CR11L 

CR11H 

CR11 

R/W 

Yes 

Undefined 

FF10H 

F11H 

Capture register 0 (from FRC) 

CPTOL 

CPTOH 

CPTO 

R/W 

Yes 

Undefined 

FF12H 

FF13H 

Capture register 1 (from FRC) 

CPT1L 

CPT1H 

CPT1 

R/W 

Yes 

Undefined 

FF14H 

FF15H 

PWM register 0 (duration) 

PWMOL 

PWMOH 

PWMO 

R/W 

Yes 

Undefined 

FF16H 

FF17H 

PWM register 1 (duration) 

PWM1L 

PWM1H 

PWM1 

R/W 

Yes 

Undefined 

FF1CH 

FF1DH 

Presettable up/down counter 0 

UDCOL 

UDCOH 

UDCO 

R/W 

Yes 

Undefined 

FF1EH 

FF1FH 

Presettable up/down counter 1 

UDC1L 

UDC1H 

UDC1 

R/W 

Yes 

Undefined 

FF20H 

Port 0 mode register 

PMO 


R/W 

No 

FFH 

FF21H 

Port 1 mode register 

PM1 


R/W 

No 

FFH 

FF22H 

Port 2 mode register 

PM2 


R/W (Note 1) 

No 

FFH 

FF23H 

Port 3 mode register 

PM3 


R/W (Note 1) 

No 

FFH 

FF25H 

Port 5 mode register 

PM5 


R/W 

No 

FFH 

FF32H 

Port 2 mode control register 

PMC2 


R/W 

No 

OFH 

FF33H 

Port 3 mode control register 

PMC3 


R/W 

No 

OFH 

FF38H 

Real-time output port control register 

RTPC 


R/W 

No 

08H 

FF3AH 

FF3BH 

Port 0 buffer register (Note 2) 

POL POH 


R/W 

No 

Undefined 

FF40H 

Memory expansion mode register 

MM 


R/W 

No 

30H 

FF41H 

Refresh mode register 

RFM 


R/W 

No 

10H 

FF42H 

Watchdog timer mode register 

WDM 


R/W 

No 

OOH 

FF44H 

Standby control register 

STBC 


R/W 

No 

2nH 
(Note 3) 

FF46H 

Timebase mode register 

IBM 


R/W 

No 

OOH 

FF48H 

External interrupt mode register 

INTM 


R/W 

No 

OOH 

FF4AH 

In-service priority register 

ISPR 


R 

No 

OOH 

FF4EH 

CPU control word 

CCW 


R/W 

No 

OOH 
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JUPD78312A Family 


Table 1. 

Special Function Registers (cont) 





Address 

Register (SFR) 

Symbol 

R/W 

16-Blt Transfer 

State After Reset 

FF50H 

Serial communication mode register 

SCM 

R/W 

No 

OOH 

FF52H 

Serial communication control 
register 

see 

R/W 

No 

OOH 

FF53H 

Baud rate generator 

BRG 

R/W 

No 

OOH 

FF56H 

Serial communication receive buffer 

RXB 

R 

No 

Undefined 

FF57H 

Serial communication transmit 
buffer 

TXB 

W 

No 

Undefined 

FF60H 

Free-running counter control register 

FRCC 

R/W 

No 

OOH 

FF64H 

Capture mode register 

CPTM 

R/W 

No 

OOH 

FF66H 

PWM mode register 

PWMM 

R/W 

No 

OOH 

FF68H 

A/D converter mode register 

ADM 

R/W 

No 

OOH 

FF6AH 

A/D converter result register 

ADCR 

R 

No 

Undefined 

FF70H 

Count unit input mode register 

CUIM 

R/W 

No 

OOH 

FF72H 

Up/down counter control register 0 

UDCCO 

R/W 

No 

OOH 

FF74H 

Capture/compare control register 

CRC 

R/W 

No 

OOH 

FF7AH 

Up/down counter control register 1 

UDCC1 

R/W 

No 

OOH 

FF80H 

Timer 0 control register 

TMCO 

R/W 

No 

OOH 

FF82H 

Timer 1 control register 

TMC1 

R/W 

No 

OOH 

FF88H 

FF89H 

Timer 0 

TMOL TMO 

TMOH 

R/W 

Yes 

Undefined 

FF8AH 

FF8BH 

Modulus/timer register 0 

MDOL MDO 

MDOH 

R/W 

Yes 

Undefined 

FF8CH 

FF8DH 

Timer 1 

TM1L TM1 

TM1H 

R/W 

Yes 

Undefined 

FF8EH 

FF8FH 

Modulus register 1 

MD1L MD1 

TM1H 

R/W 

Yes 

Undefined 

FFBOH to 
FFBFH 

External area (Note 4) 





FFCOH 

CRFOO interrupt control 

Up/down counter 0 

CRICOO 

R/W 

No 

47H 

FFC1H 

CRFOO macro service control 

Up/down counter 0 

CRMSOO 

R/W 

No 

Undefined 

FFC2H 

CRF01 interrupt control 

Up/down counter 0 

CRIC01 

R/W 

No 

47H 

FFC4H 

CRF10 Interrupt control 

Up/down counter 1 

CRIC10 

R/W 

No 

47H 

FFC5H 

CRF10 macro service control 

Up/down counter 1 

CRMS10 

R/W 

No 

Undefined 

FFC6H 

CRF11 interrupt control 

Up/down counter 1 

CRIC11 

R/W 

No 

47H 

FFC8H 

EXIFO interrupt control 

External interrupt INTEO 

EXICO 

R/W 

No 

47H 

FFC9H 

EXIFO macro service control External 
Interrupt INTEO 

EXMSO 

R/W 

No 

Undefined 

FFCAH 

EXIF1 interrupt control 

External interrupt INTE1 

EXIC1 

R/W 

No 

47H 
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fiPD78312A Family 


NEC 


Tabie 1. 

Specia! Function Registers (cont) 





Address 

Register (SFR) 

Symbol 

R/W 

Transfer 

State After Reset 

FFCBH 

EXIF1 macro service control 

External interrupt INTE1 

EXMS1 

R/W 

No 

Undefined 

FFCCH 

EXIF2 Interrupt control 

External interrupt INTE2 

EXIC2 

R/W 

No 

47H 

FFCDH 

EXIF2 macro service control 

External Interrupt INTE2 

EXMS2 

R/W 

No 

Undefined 

FFCEH 

TMFO interrupt control 

Timer flag 

TMICO 

R/W 

No 

47H 

FFCFH 

TMFO macro service control 

Timer flag 

TMMSO 

R/W 

No 

Undefined 

FFDOH 

TMF1 interrupt control 

Timer flag 

TMIC1 

R/W 

No 

47H 

FFD1H 

TMF1 macro service control 

Timer flag 

TMMS1 

R/W 

No 

Undefined 

FFD2H 

TMF2 interrupt control 

Timer flag 

TMIC2 

R/W 

No 

47H 

FFD3H 

TMF2 macro service control 

Timer flag 

TMMS2 

R/W 

No 

Undefined 

FFDAH 

Receive error interrupt control 

Serial port 

SEIC 

R/W 

No 

47H 

FFDCH 

Receive interrupt control 

Serial port 

SRIC 

R/W 

No 

47H 

FFDDH 

Receive macro service control 

Serial port 

SRMS 

R/W 

No 

Undefined 

FFDEH 

Transmit Interrupt control 

Serial port 

STIC 

R/W 

No 

47H 

FFDFH 

Transmit macro service control 

Serial port 

STMS 

R/W 

No 

Undefined 

FFEOH 

A/D converter interrupt control 

ADIC 

R/W 

No 

47H 

FFE1H 

A/D converter macro service control 

ADMS 

R/W 

No 

Undefined 

FFE2H 

Timebase counter interrupt control 

TBIC 

R/W 

No 

47H 


Notes: 

(1) Bits 0-3 of port 2 and of port 3 are read-only. 


(2) POH and POL are 4-bit buffer registers used to store data to be 
loaded into the high and low nibbles of the real-time output (PO). 
The high order 4 bits of POH and the low order 4 bits of POL are 
used. 

(3) Bit 3 of the STBC Is not affected by RESET (n = 0 or 8). 

(4) External registers interfaced with these addresses can be ac¬ 
cessed by special function register addressing. 
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Table 2. Interrupt Sources and Vector Addresses 



Default Priority 

Mnemonic 

interrupt Source 

Macroservice 

Vector 

Software 

— 

BRK 

Break Instruction 

No 

003EH 

Nonmaskable Interrupts 


NMI 

External nonmaskable interrupt 

No 

0002H 


__ 

WDT 

Watchdog timer 

No 

OOOAH 

Maskable interrupts 

0 

CRFOO 

Up/down counter 0 

Yes 

001 AH 


1 

CRF01 

Up/down counter 0 

No 

001CH 


2 

CRF10 

Up/down counter 1 

Yes 

001 EH 


3 

CRF11 

Up/down counter 1 

No 

0020H 


4 

EXIFO 

External interrupt 0 

Yes 

0004H 


5 

EXIF1 

External interrupt 1 

Yes 

0006H 


6 

EXIF2 

External interrupt 2 

Yes 

0008H 


7 

TMFO 

Timer flag 0 

Yes 

OOOEH 


8 

TMF1 

Timer flag 1 

Yes 

0010H 


9 

TMF2 

Timer flag 2 

Yes 

0012H 


10 

SEF 

Serial port error 

No 

0022H 


11 

SRF 

Serial port receive buffer 

Yes 

0024H 


12 

STF 

Serial port transmit buffer 

Yes 

0026H 


13 

ADF 

A/D converter done flag 

Yes 

0028H 


14 

TBF 

Timebase counter flag 

No 

OOOCH 

Reset 

_ 

RESET 

External reset line 

_ 

OOOOH 







JIIPD78312A Family 


ELECTRICAL SPECIFICATIONS 


Absolute Maximum Ratings 

Ta= +25°C_ 


Power supply voltage Vqd 

-0.5 to +7.0 V 

Reference voltage, AVr^p 

-0.5 V to Vdd +0.3V 

Power supply return, AVss 

-0.5 to +0.5 V 

Input voltage, Vn 

(except RESET of/L/PD78P312A) 

—0.5 to + Vq[) + 0.5 

Input voltage, V12 
(RESET of A/PD78P312A only) 

-0.5 to +13.5 V 

Output voltage, Vq 

-0.5 to Vdd +0-5 V 

Output current, low; Iql 
( single pin) 

4 mA 

Output current, low; IqlI total, 
all output pins ^PD78312/310A) 

100 mA 

Output current, low; Iql; total, 
all output pins (uPD78P312A) 

60 mA 

Output current, high; Iqh 
( single pin) 

-1 mA 

Output current, high; IqhI total, 
all output pins ^PD78312/310A) 

-25 mA 



NEC 

Absoiute Maximum Ratings (cont) 

Output current, high; IqhJ total, 
all output pins (/L/PD78P312A) 

-15 mA 

Operating temperature, Tqpj 

-10 to +70°C 

Storage temperature, Tsjg 

-65 to +150°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma¬ 
nent damage. The device should be operated within the limits 
specified under DC and AC characteristics. 


Operating Frequency 


Oscillator Frequency fxx 

Ta 

Vdd 

4 MHz ^ fxx ^ 12 MHz 

-10 to +70°C 

+5.0 V 10% 

Capacitance 

Ta = +25'>C; Vdd = 

> 

0 

11 

CO 

CO 

> 



Parameter 

Symbol 

Max Unit 

Conditions 

Input capacitance 

Cl 

10 pF 

f = 1 MHz; 

Output capacitance 

Co 

20 pF 

unmeasured 
pins returned to 
OV. 

I/O capacitance 

C|0 

20 pF 


DC Characteristics 

Ta = -10 to +70°C; VpD = +5.0 V ±5%; Vss = 0 V 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Input low voltage 

V|L1 

0 


0.8 

V 

Except EA on juPD78310A/312A 


V|L2 

0 


0.5 

V 

EA on 0;PD7831OA/312A only) 

Input high voltage 

V|H1 

2.2 


Voo 

V 

Except P2o/NMI, XI, X2, RESET 


V|H2 

3.8 


Vdd 

V 

P2o/NMIX1,X2, RESET 

Output low voltage 

VoL 



0.45 

V 

Iql = 2.0 mA 

Output high voltage 

VOH 

Vdo “■* 



V 

Iqh = -1 niA 

Input current 

l| 



±10 

A/A 

P2o/NMl, RESET Vi = 0.45 V to Vdd 

Input leakage current 

ill 



±10 

A/A 


Input/output leakage current 

•lo 



±10 

A/A 


AVref current 

AIref 


1.5 

5 

mA 

^CLK = 6 MHz 

Vdd supply current 

•ddi 


30 

60 

mA 

Operating mode; fcLK = 6 MHz 


*002 


5 

15 

mA 

Halt mode; fcLK = 6 MHz 

Data retention voltage 

VOOOR 

2.5 



V 

Stop mode 

Stop mode supply current 

loOOR 


3 

15 

A/A 

Stop mode; Vdddr = 2.5 V 




10 

50 

//A 

Stop mode; Vdddr = 5.0 V ±10% 













PPD78312A Family 


AC Characteristics 


Ta = -10 to +70°C: Vdd = +5.0 V 

±10%: Vss = 0 V 






Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Read/Write Operation 

System clock cycle time 

^CYK 

166 


1000 

ns 

(Note 1) 

Address setup time to ALE i 

tSAL 

150 



ns 


Address hold time after ALE i 

^HLA 

30 



ns 

(Note 4) 

Address to RD i delay time 

tPAR 

230 



ns 


RD i to address floating 

^FRA 



0 

ns 


Address to data input 

tOAID 



410 

ns 


ALE i to data input 

to LID 



230 

ns 


RD i to data input 

^DRID 



180 

ns 


ALE i to RD i delay time 

^DLR 

60 



ns 


Data hold time after RD t 

tHRID 

0 



ns 


RD t to address active 

^DRA 

50 



ns 


RD f to ALE t delay time 

tORL 

100 



ns 


RD width low 

Vrl 

200 



ns 


ALE width high 

^WLH 

120 



ns 


Address to WR i delay time 

'daw 

300 



ns 


ALE to data output 

bLOD 



190 

ns 


WR i to data output 

tDWOD 



100 

ns 


ALE i to WR 4 delay time (Note 2) 

^DIW 

30 



ns 




110 



ns 

During refresh mode 

Data setup time to WR t 

tSODWR 

150 



ns 


Data setup time to WR 4 (Note 3) 

tSODWF 

30 



ns 

During refresh mode 

Data hold time to WR t 

<HWOD 

20 



ns 

(Note 4) 

WR t to ALE t delay time 

^DWL 

110 



ns 


WR width low 

tyvwL 

200 



ns 


Serial Port 

Serial clock cycle time 

^CYSK 

1.33 



jUS 

SCK output (Note 5) 



1,33 



fJS 

CTS output (Note 6) 



1 



ps 

CTS input (Note 7) 

Serial clock low-level width 

tWSKL 

580 



ns 

SCK output (Note 5) 



580 



ns 

CTS output (Note 6) 



420 



ns 

CTS input (Note 7) 

Serial clock high-level width 

'WSKH 

580 



ns 

SCK output (Note 5) 



580 



ns 

CTS output (Note 6) 



420 



ns 

CTS input (Note 7) 

CTS high, low level 

<WCSH, <WCSL 

3 



tCYK 

Asynchronous mode 

RxD setup time to CIS t 

^SRXSK 

80 



ns 


RxD hold time after CTS t 

^HSKRX 

80 



ns 


SCK 4 to TxD delay time 

tDSKTX 



210 

ns 
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AC Characteristics (cent) 

Parameter 

Symbol 

Min 

Typ Max 

Unit 

Conditions 

A/D Converter 

Ta = - 10 °c to +70°C: Vdd = +5 v 

±10%; AVref = 4.0 V to Vdq; AVss = 

< 

CO 

CO 

II 

o 

< 



Resolution 


8 


Bit 


Full scale error 



0.4 

% 

tcYK ~ 166 to 500 ns 

Quantization error 



±1/2 

LSB 


Conversion time 

tcONV 

180 


tCYK 

tcYK = 166 to 250 ns 



120 


<CYK 

tcYK “ 250 to 500 ns 

Sampling time 

tSAMP 

36 


tCYK 

tcYK ~ 166 to 250 ns 



24 


tCYK 

tcYK ~ 250 to 500 ns 

Analog input voltage 

VlAN 

0 

AVref 

V 


Input impedance 

Ran 


1000 

MO 


Analog reference voltage 

AVref 

4.0 

Vdd 

V 


AVref current 

AIref 


1.5 5.0 

mA 

^CLK = 6 MHz 

Counter Operation 

CIO, CI1 high, low levels 

%C1H. %C1L 

3 


tCYK 


CTRLO, CRTL1 high, low levels 

%CTH. %NCTl 

3 


tCYK 


CTRLO, CTRL1 setup time 
toCIf 

tsCTCl 

2 


^CYK 

Operating mode of count 
unit is set to mode 3. Cl 
input is set to rising edge 
active. 

CTRLO, CTRL1 hold time after 

CIt 

^HCICT 

5 


tCYK 


CLRO. CLR1 high, low-level width 

^WCRH. twCRL 

3 


tCYK 


CIO, CI1 setup time to CTRL 

tS4CTCI 

6 


^CYK 

Counter mode 4 

CTRLO, CTRL1 setup time to Cl 

*H4CTCI 

6 


^CYK 

Counter mode 4 

CI0/CI1, CTRL0/CTRL1 cycle time 

tCYC4 


250 

kHz 

Counter mode 4 

External interrupts and Reset 

NMI high, low-level width 

tWNIH. tWNlL 

10 


/JS 


INTEO high, low-level width 

twiOH. ^WIOL 

3 


tCYK 


INTE1 high, low-level width 

twilH> Will 

3 


tCYK 


INTE2 high, low-level width 

tW12H. tWI2L 

3 


tCYK 


RESET high, low-level width 

VrSH. tWRSL 

10 


IJS 


Vqd rise, fall time 

Wd> ^FVD 

200 


/iS 



Notes: 

(1) The internal clock (fcLK) equals the oscillation clock (fxx) divided 
by 2 or 8 as determined by bit 5 of the STBC. In this table, fxx = 
12 MHz and fcLK = fxx/2- 

(2) During refresh operation, the WR signal falls to low level 1/2 clock 
cycle later than if there is no refresh. 

(3) When accessing data from pseudostatic RAMs (e.g, juPD4168) 
with the falling edge of the WR signal, the data setup time is 
^SODWF instead of tsoDWR- 


(4) Hold time is measured with Cl = 100 pF and Rl = 2 kD load, and 
includes the period necessary to guarantee Vqh ®nd Vql* 

(5) I/O interface mode transmit data at a data rate of 750 kb/s. 

(6) I/O interface mode receive data, internal clock, at a data rate of 
750 kb/s. 

(7) In the I/O interface mode this is the optional external clock for 
received data at a maximum rate of 1 MB/s. 
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PPD78312A Family 


Oscillator Characteristics 

Ta = -10 to 70°C: Vdd = +5.0 V ±10%; Vss = AVss = 0 V; 
4 V < AVref - VpD_ _ _ 


Oscillator 

Parameter 

Symbol 

Min 

Max 

Unit 

Ceramic 
resonator or 
crystal 
resonator 

Oscillation 

frequency 

fxx 

4 

12 

MHz 

External 

clock 

XI input 
frequency 

fx 

4 

12 

MHz 


XI input rise, 
fall time 

tXF 

0 

30 

ns 


XI input high- 
low-level width 

fWXH. IWXL 

30 

130 

ns 

Recommended Ceramic Resonators 
OtPD78310/312A) 

Manufacturer 

Part No. 

Frequency 

(MHz) 

External 

Capacitance (pF) 

Cl C2 

Murata Mfg. 

CSA12.0MT 

12.0 

30 


30 

Co., Ltd. 

CST12.0MT 

12.0 

Included Included 


Recommended Circuits 


Ceramic Resonator 

or External Clock 

Crystal Resonator 
(Notes) 




Notes: 

1. When using a crystal resonator, the following external capacitor 
Is recommended: 

Cl = C2 = 15pF 


2. Oscillator circuit must be located as close as possible to the XI 
and X2 pins. 


3. To prevent noise from affecting operation, avoid locating other 
signal lines within the shaded area. 


83YL-6838A 


Timing Dependent on tpYK 


Symbol 

Formula 

Min/Max 

Unit 

tSAL 

1.5T- 100 

Min 

ns 

^AR 

2T-100 



^DAID 

(3.5 + n) T- 170 

Max 

ns 

^LID 

(2+ n) T - 100 



^DRID 

(1.5 +n)T-70 



<DLR 

0.5T - 20 

Min 

ns 

^DRL 

T-50 



^RA 

0.5T - 30 



%RL 

(1.5+ n) T - 50 



tWLH 

T-40 



*DAW 

2T - 100 



tOLOD 

0.5T + 110 

Max 

ns 

^DLW 

0.5T - 20 (normal operation) 

Min 

ns 


T-50 (during refresh mode) 



tsODWR 

(1.5 + n) T - 100 



tsODWF 

0.5T-50 



'dwl 

T-50 



twwL 

(1.5 + n) - 50 




Notes: 

(1) n is the number of additional wait cycles specified by the MM 
register. 

(2) T = tcYK = 1/^CLK = 2/fxx- ^CLK '® ^^e internal sytem clock 
frequency. 

(3) Any parameter not included in this table is not dependent on 
^CLK- 
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Timing Waveforms 
AC Timing Test Points 



Read Operation 















PPD78312A Family 


Timing Waveforms (cent) 
Write Operation 
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Timing Waveforms (cont) 
Serial Port, i/O interface Mode 



2 - 












Timing Waveforms (cont) 

Serial Port, Asynchronous Mode 
Send Enable Input Timing 



83RC-946aA 


Counter Operation (Mode 3) 


|LfPD78312A Family 


External Interrupts 


















jiiPD78312A Family 


PROM PROGRAMMING 


Pin Functions, PROM Programming Mode 


The PROM in the^PD78P312A is an OTP or UVE EPROM 
with an 8,192 x 8-bit configuration. The pins listed in 
the table below are used to program the PROM. 

When used In the normal operation mode, 5 V ±10% is 
applied to the Vdd and Vpp pins. A voltage higher than 
Vdq should not be applied to other pins. 

The programming characteristics of the )[iPD78P312A 
are identical to those of the ;LiPD27C256A. 


Pin 

Function 

Vpp 

High voltage input (write/verify mode), 
high-level input (read mode) 

PROG 

High voltage input (write/verify mode, read mode) 

Aq-A y 

Address input (lower 8 bits) 

As - Ai2 

Address input (upper 8 bits) 

Do - Dy 

Data input (write mode), data output (verify mode) 


Program pulse input 

OE 

Output enable input 

Vdd 

Power supply pin 


Notes: 

(1) Maskthe window of the UVE EPROM version to protect the PROM 
from being erased accidentally. 

(2) The OTP EPROM version cannot be erased by ultraviolet rays 
because it does not have a window. 


Programming Setup 

Programming socket adaptors PA-78P312CW/GF/GQ/L 
are used to configure the /iPD78P312A to fit a standard 
PROM socket. Set the PROM programmer to program 
the 27C256A. If the PROM programmer is an older 
model, check that the programming voltage does not 
exceed 12.5 volts. 


64-Pin Shrink DiP and QUiP, Piastic and Ceramic 
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Pin Functions, PROM Programming Mode (cont) 


68-Pin PLCC 
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PROM Programming Mode 

When +6 V is applied to the Vdd pin and +12.5 V is 
applied to the PROG pin and Vpp pin, the /iPD78P312A 
enters the program write/verify mode. Operation in this 
mode is determined by the setting of CE and OE pins 
as indicated in the table below. 


Mode 

CE 

OE 

Vpp 

< 

o 

D 

PROG 

Write 

L 

H 

+12.5 V 

+ 6 V 

+12.5 V 

Verify 

H 

L 




Program inhibit 

H 

H 




Read (Note 2) 

L/H 

L 

+ 5 V 

+ 5 V 

+12.5 V 

Read (Note 3) 

L/H 

H 





Notes; 

(1) ^en +12.5 V is applied to Vpp and +6 V is applied to Vqq, both 
CE and OE must not be set to the low level (L) simultaneously. 

(2) Data Is output from the Dq - D 7 pins. 

(3) Dq - D 7 are high impedance. 

Recommended Conditions for Unused Pins 

Table 3 describes how to set unused pins when pro¬ 
gramming the PROM. 

Table 3. Recommended Conditions for 
Unused Pins 


Pin 

Recommended Connection 

PO 0 -PO 3 

Connect to Vgs 

PO 4 , PO 5 

Open 

P 2 o-P 23 

Connect to V 33 

P 25 - P 27 , RFSH 

Open 

P3o - P 33 , XI 

Connect to V 33 

X2 

Open 

AN0-AN3, AVref. AVss 

Connect to V 33 

P34 - P 37 , PSg - P 57 , WR, ALE 

Open 


PROM Write Procedure 

Data can be written to the PROM by using the following 
procedure. 

( 1 ) Set the pins not used for programming as indicated 
in table 3, and supply +6 V to the Vqd pin, and 
+12.5 V to the Vpp and PROG pins. 

(2) Provide the initial address. 

(3) Provide write data. 

(4) Provide a 1 ms program pulse (active low) to the CE 
pin. 


(5) Use the verify mode to test the data. If the data has 
been written, proceed to (7), if not, repeat steps (3) 
to (5). If the data cannot be correctly written in 25 
attempts, go to step ( 6 ). 

( 6 ) Classify the PROM as defective and cease write 
operation. 

(7) Provide write data and supply program pulse (for 
additional writing) for 3 ms times the number of 
repeats performed between steps (3) to (5). 

( 8 ) Increment the address. 

(9) Repeat steps (3) to ( 8 ) until the last address is 
reached. 

PROM Read Procedure 

The contents of the PROM can be read out to the 
external data bus Dq - D 7 by using the following proce¬ 
dure. 

( 1 ) Set the unused pins as indicated In table 3. 

(2) Supply + 5 V to the Vdd pin and Vpp pin, and 
+12.5 V to the PROG pin. 

(3) Input the address of the data to be read to the Aq to 
Ai 2 pins. 

(4) Put an active low pulse of at least 1 (js on the OE 
pin. 

(5) Data is output to the Dq to D 7 pins. 

Erasure 

The UVE EPROM can be erased by exposing the win¬ 
dow to light having a wavelength shorter than 400 nm, 
Including ultraviolet rays, direct sunlight, and fluores¬ 
cent light. To prevent unintentional erasure, mask the 
window. 

Typically, data is erased by 254-nm ultraviolet rays. A 
minimum lighting level of 15 W s/cm2 (ultraviolet ray 
intensity x exposure time) Is required to completely 
erase written data Erasure by an ultraviolet lamp rated 
at 12,000^W/cm2 takes approximately 15to 20 minutes. 
Remove any filter on the lamp and place the device 
within 2.5 cm of the lamp tubes. 


5a 
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DC Programming Characteristics 

Ta = 25 ±5«C; V|p = 12.0 ±0.5 V; Vgs = 0 V 

Parameter 

Symbol 

Symbol (Note) 

Min 

Typ 

Max 

Unit 

Condition 

High-level input voltage 

V|H 

V|H 

2.2 


^DDP +0.3 

V 


Low-level input voltage 

V|L 

VlL 

-0.3 


0.8 

V 


Input leakage current 

Vlip 

Vu 



10 

fjA 

0 < V| < Vddp 

High-level output voltage 

VOH 

VoH 

VoD""* 



V 

loH “ *0 *^A 

Low-level output voltage 

VoL 

VoL 



0.45 

V 

Iql = 2.0 mA 

Output leakage current 

•lo 

— 



10 

fjA 

0 5 Vo < Vddp, ^ = v,h 

PROG pin high voltage 
Input current 

llp 

— 



±10 

A/A 


Vqdp power supply 

Vddp 

VdD 

5.75 

6.0 

6.25 

V 

Program memory write mode 

voltage 



4.5 

5.0 

5.5 

V 

Program memory read mode 

Vpp power supply 

Vpp 

Vpp 

12.2 

12.5 

12.8 

V 

Program memory write mode 

voltage 




Vpp = 

Vddp 

V 

Program memory read mode 

Vddp power supply 

•dd 

•dd 


10 

30 

mA 

Program memory write mode 

current 




10 

30 

mA 

Program memory read mode 

CE = V,L. V, = V,H 

Vpp power supply current 

Ipp 

Ipp 


10 

30 

mA 

Program memory write mode 
^ = V|u, OE = V|H 





1 

100 

A/A 

Program memory read mode 


Notes: 

(1) Corresponding symbols for the ^PD27C256A 


AC Programming Characteristics 

Ta = 25 ±5°C; V|p = 12.0 ±0.5 V; Vss = 0 V 


Parameter 

Symbol 

Symbol (Note) 

Min 

Typ 

Max 

Unit 

Condition 

Address setup time to CE i 

'sac 

<AS 

2 



Avs 


Data to OE i delay time 

♦ddoo 

<OES 

2 



jUS 


Input data setup time to CE i 

tsiDC 

<DS 

2 



/iS 


Address hold time after ^ t 

<HCA 

Uh 

2 



A/s 


Input data hold time after CE t 

tHClD 

<DH 

2 



A/s 


Output data hold time after OE t 

^HOOD 

<DF 

0 


130 

ns 


Vpp setup time before CE i 

tsvpc 

typs 

2 



A/s 


Vddp setup time before CE 4 

tsVDC 

Vds 

2 



A/s 


Initial program pulse width 

%L1 

tpw 

0.95 

1.0 

1.05 

ms 


Additional program pulse width 

%L2 

topw 

2.85 


78.75 

ms 


PROG high-voltage input setup 
time before CE i 

tspc 


2 



jUS 


Address to data output time 

bAOD 

Ucc 



2 

//s 

_j 

> 

ii 

|UJ 

lo 

OE i to data output time 

<DOOD 

^OE 



1 

A/s 


Data hold time after ^ t 

^HCOD 

tOF 

0 


130 

ns 


Data hold time after address not valid 

<HAOD 

tOH 

0 



ns 

> 

II 

lUJ 

lo 


Notes: 

(1) Corresponding symbols for the ^PD27C256A 
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fiPD78312A Family 


INSTRUCTION SET 

The ^/PD78312A family instruction set features 8- and 
16-bit data transfer, arithmetic, and logic Instructions 
and single-bit manipulation instructions. String manip¬ 
ulation Instructions are also Included. Branch instruc¬ 
tions exist to test Individual bits in the program status 
word, the 16-blt accumulator, the special function reg¬ 
isters, and the saddr portion of on-chip RAM. Instruc¬ 
tions range in length from 1 to 6 bytes depending on the 
instruction and addressing mode. 


Flag Column Indicators 


Symbol 

Action 

(blank) 

No change 

0 

Set to 0 

1 

Set to 1 

X 

Set or cleared according to result 

P 

P/V indicates parity of result 

V 

P/V indicates arithmetic overflow 

R 

Restored from saved PSW 

Instruction Set Symbols 

Symbol 

Definition 

r 

RO, R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11, 
R12, R13, R14, R15 

r1 

RO, R1, R2, R3, R4, R5, R6, R7 

r2 

C, B 

rp 

RPO, RP1, RP2, RP3, RP4, RP5, RP6, RP7* 

rp1 

RPO, RP1, RP2, RP3, RP4, RP5, RP6, RP7* 

rp2 

DE, HL, VP, UP 

sfr 

Special function register, 8 bits 

sfrp 

Special function register, 16 bits 

post 

RPO, RP1, RP2, RP3, RP4, RP5/PSW, RP6, RP7. Bits 
set to 1 indicate register pairs to be pushed/ 
popped to/from stack; RP5 pushed/popped by 
PUSH/POP, SP is stack pointer; PSW pushed/ 
popped by PUSHU/POPU, RP5 is stack pointer. 

mem 

Register indirect: [DE], [HL], [DE+], [HL+], [DE-], 
[HL-], [VP], [UP] 

Base Index Mode: [DE+A], [HL+A], [DE+B], 
[HL+B], [VP+DE], [VP+HL] 
Base Mode: [DE+ byte], [HL+ byte], [VP+ byte], 
[UP+byte], [SP+byte] 

Index Mode: word [A], word [B], word [DE], word 
[HL] 

saddr 

FE20-FF1FH: Immediate byte addresses one byte 
in RAM, or label 

saddrp 

FE20-FF1FH: Immediate byte (bit 0 = 0) 
addresses one word in RAM, or label 


instruction Set Symbols (cont) 


Symbol 

Definition 

word 

16 bits of immediate data or label 

byte 

8 bits of immediate data or label 

jdispS 

8 -blt two’s complement displacement (immediate 
data displacement value -128 to +127) 

bit 

3 bits of immediate data (bit position in byte), or 
label 

n 

3 bits of immediate data 

!addr16 

16-bit absolute address specified by an immediate 
address or label 

$addr16 

Relative branch address or label 

addr16 

16-bit address 

laddril 

11 -bit immediate address or label 

addr11 

0800H-0FFFH: 0800H + (11-bit immediate 
address), or label 

addrS 

0040H-007EH: 0040H + 2 X (5-bit immediate 
address), or label 

A 

A register (8-bit accumulator) 

X 

X register 

B 

B register 

C 

C register 

D 

D register 

E 

E register 

H 

H register 

L 

L register 

R0-R15 

Register 0 to register 15 

AX 

Register pair AX (16-bit accumulator) 

BC 

Register pair BC 

DE 

Register pair DE 

HL 

Register pair HL 

RPO- 

RP7 

Register pair 0 to register pair 7 

PC 

Program counter 

SP 

Stack pointer 

UP 

User stack pointer (RP5) 

PSW 

Program status word 

PSWH 

High-order 8 bits of PSW 

PSWL 

Low-order 8 bits of PSW 

CY 

Carry flag 

AC 

Auxiliary carry flag 

Z 

Zero flag 

P/V 

Parity/overflow flag 

s 

Sign flag 

TPF 

Table position flag 
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fiPD78312A Family 


Instruction Set Symbols (cont) 


Symbol 

Definition 

RBS 

Register bank select flag 

RSS 

Register set select flag 

IE 

Interrupt enable flag 

STBC 

Standby control register 

WDM 

Watchdog timer mode register 

( ) 

Contents of the location whose address is within 
parentheses; (+) and (-) indicate that the address 
is incremented after or decremented after it is 
used 

(0) 

Contents of the memory location defined by the 
quantity within the sets of parentheses 

XX H 

Hexadecimal quantity 

Xh. Xl 

High-order 8 bits and low-order 8 bits of X 


* rp and rp1 describe the same registers but generate different 
machine code. 
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iifPD78312A Family 


Instruction Set 

Mnemonic Operand 

Operation 

Bytes 

S 

z 

Flags 

AC P/V 

CY 

SUB 

8-Bit Data Transfer 

MOV r1,#byte 

r1 4- byte 

2 






saddr, #byte 

(saddr) ♦- byte 

3 






sfr, #byte 

sfr ^ byte 

3 






r, r1 

r4-r1 

2 






A, r1 

A-r1 

1 






A, saddr 

A <- (saddr) 

2 






saddr, A 

(saddr) <- A 

2 






saddr, saddr 

(saddr) (saddr) 

3 






A, sfr 

A <- sfr 

2 






sfr, A 

sfr <*- A 

2 






A, mem (Note 1) 

A (mem) 

1 






A, mem 

A <- (mem) 

2-4 






mem, A (Note 1) 

(mem) A 

1 






mem, A 

(mem) <- A 

2-4 






A, [saddrp] 

A <- ((saddrp)) 

2 






[saddrp], A 

((saddrp)) A 

2 






A, !addr16 

A <- (addr16) 

4 






!addr16, A 

(addr16) — A 

4 






PSWL, #byte 

PSWL byte 

3 

X 

X 

X X 

X 

X 

PSWH, #byte 

PSWH byte 

3 






PSWL, A 

PSWL ^ A 

2 

X 

X 

X X 

X 

X 

PSWH, A 

PSWH A 

2 






A, PSWL 

A ^ PSWL 

2 






A, PSWH 

A ^ PSWH 

2 






XCH A, r1 

A r1 

1 






r, r1 

r r1 

2 






A, mem 

A (mem) 

2-4 






A, saddr 

A ♦♦ (saddr) 

2 






A, sfr 

A sfr 

3 






A, [saddrp] 

A ((saddrp)) 

2 






saddr, saddr 

(saddr) (saddr) 

3 






16-Bit Data Transfer 

MOVW rp1, #word 

rp1 <- word 

3 






saddrp, #word 

(saddrp) word 

4 






sfrp, #word 

sfrp word 

4 






rp, rp1 

rp rp1 

2 






AX, saddrp 

AX (saddrp) 

2 






saddrp, AX 

(saddrp) ^ AX 

2 






saddrp, saddrp 

(saddrp) (saddrp) 

3 







34 






AfPD78312A Family 


Instruction Set (cont) 

Mnemonic Operand 

Operation 

Bytes 

S 

z 

Flags 

AC 

P/V 

CY 

SUB 

16-Bit Data Transfer (cont) 

MOVW (cont) AX, sfrp 

AX sfrp 

2 







sfrp, AX 

sfrp AX 

2 







rp 1 , !addr16 

rp 1 (addr16) 

4 







!addr16, rp 1 

(addr16) rp 1 

4 







XCHW AX, saddrp 

AX ♦♦ (saddrp) 

2 







AX, sfrp 

AX sfrp 

3 







saddrp, saddrp 

(saddrp) ♦♦ (saddrp) 

3 







rp, rp 1 

rp rp 1 

2 







8-Bit Arithmetic 

ADD A, #byte 

A, CY A + byte 

2 

X 

X 

X 

V 

X 

0 

saddr, #byte 

(saddr), CY <- (saddr) + byte 

3 

X 

X 

X 

V 

X 

0 

sfr, #byte 

sfr, CY sfr + byte 

4 

X 

X 

X 

V 

X 

0 

r, r 1 

r, CY r + r1 

2 

X 

X 

X 

V 

X 

0 

A,saddr 

A, CY-*-A + (saddr) 

2 

X 

X 

X 

V 

X 

0 

A, sfr 

A,CY-.- A+ sfr 

3 

X 

X 

X 

V 

X 

0 

saddr, saddr 

(saddr), CY (saddr) + (saddr) 

3 

X 

X 

X 

V 

X 

0 

A, mem 

A, CV *- A + (mem) 

2-4 

X 

X 

X 

V 

X 

0 

mem, A 

(mem), CY <- (mem) + A 

2-4 

X 

X 

X 

V 

X 

0 

ADDC A, #byte 

A, CY<-A + byte + CY 

2 

X 

X 

X 

V 

X 

0 

saddr, #byte 

(saddr), CY ^ (saddr) + byte + CY 

3 

X 

X 

X 

V 

X 

0 

sfr, #byte 

sfr, CY sfr + byte + CY 

4 

X 

X 

X 

V 

X 

0 

r, r 1 

r, CY r + r1 4- CY 

2 

X 

X 

X 

V 

X 

0 

A,saddr 

A, CY-f-A + (saddr) + CY 

2 

X 

X 

X 

V 

X 

0 

A, sfr 

A, CY<-A + sfr + CY 

3 

X 

X 

X 

V 

X 

0 

saddr, saddr 

(saddr), CY — (saddr) + (saddr) + CY 

3 

X 

X 

X 

V 

X 

0 

A, mem 

A, CY<-A + (mem) + CY 

2-4 

X 

X 

X 

V 

X 

0 

mem, A 

(mem), CY«- (mem) + A + CY 

2-4 

X 

X 

X 

V 

X 

0 

SUB A, #byte 

A, CY-A-byte 

2 

X 

X 

X 

V 

X 

1 

saddr, #byte 

(saddr), CY — (saddr) - byte 

3 

X 

X 

X 

V 

X 

1 

sfr, #byte 

sfr, CY — sfr - byte 

4 

X 

X 

X 

V 

X 

1 

r, r 1 

r, CY — r - r1 

2 

X 

X 

X 

V 

X 

1 

A, saddr 

A, CY <- A - (saddr) 

2 

X 

X 

X 

V 

X 

1 

A, sfr 

A, CY-A-sfr 

3 

X 

X 

X 

V 

X 

1 

saddr, saddr 

(saddr), CY — (saddr) - (saddr) 

3 

X 

X 

X 

V 

X 

1 

A, mem 

A, CY — A - (mem) 

2-4 

X 

X 

X 

V 

X 

1 

mem, A 

(mem), CY — (mem) - A 

2-4 

X 

X 

X 

V 

X 

1 
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Instruction Set (cont) 

Mnemonic Operand 

Operation 

Bytes 

S 

z 

Fiags 

AC 

P/V 

CY 

SUB 

8-Bit Arithmetic (cont) 

SUBC A, #byte 

A, CY^A-byte-CY 

2 

X 

X 

X 

V 

X 

1 

saddr, #byte 

(saddr), CY (saddr) - byte - CY 

3 

X 

X 

X 

V 

X 

1 

sfr, #byte 

sfr, CY sfr - byte - CY 

4 

X 

X 

X 

V 

X 

1 

r, r1 

r, CY4-r-r1 -CY 

2 

X 

X 

X 

V 

X 

1 

A, saddr 

A, CY A - (saddr) - CY 

2 

X 

X 

X 

V 

X 

1 

A, sfr 

A, CY«-A-sfr-CY 

3 

X 

X 

X 

V 

X 

1 

saddr, saddr 

(saddr), CY ^ (saddr) - (saddr) - CY 

3 

X 

X 

X 

V 

X 

1 

A, mem 

A, CY A - (mem) - CY 

2-4 

X 

X 

X 

V 

X 

1 

mem, A 

(mem), CY <- (mem) - A - CY 

2-4 

X 

X 

X 

V 

X 

1 

8~Bit Logic 

AND A, #byte 

A <- A A byte 

2 

X 

X 


p 


0 

saddr, #byte 

(saddr) (saddr) A byte 

3 

X 

X 


p 


0 

sfr, #byte 

sfr ♦- sfr A byte 

4 

X 

X 


p 


0 

r, r1 

r <- r A r1 

2 

X 

X 


p 


0 

A, saddr 

A<- A A (saddr) 

2 

X 

X 


p 


0 

A, sfr 

A*- A A sfr 

3 

X 

X 


p 


0 

saddr, saddr 

(saddr)(saddr) A (saddr) 

3 

X 

X 


p 


0 

A, mem 

A •«- A A (mem) 

2-4 

X 

X 


p 


0 

mem, A 

(mem) (mem) A A 

2-4 

X 

X 


p 


0 

OR A, #byte 

A •*- A V byte 

2 

X 

X 


p 


0 

saddr, #byte 

(saddr) (saddr) V byte 

3 

X 

X 


p 


0 

sfr, #byte 

sfr <- sfr V byte 

4 

X 

X 


p 


0 

r, r1 

r r V r1 

2 

X 

X 


p 


0 

A, saddr 

A A V (saddr) 

2 

X 

X 


p 


0 

A, sfr 

A *- A V sfr 

3 

X 

X 


p 


0 

saddr, saddr 

(saddr)*- (saddr) V (saddr) 

3 

X 

X 


p 


0 

A, mem 

A *- A V (mem) 

2-4 

X 

X 


p 


0 

mem, A 

(mem) ♦- (mem) V A 

2-4 

X 

X 


p 


0 

XOR A, #byte 

A *- A V byte 

2 

X 

X 


p 


0 

saddr, #byte 

(saddr) ♦- (saddr) V byte 

3 

X 

X 


p 


0 

sfr, #byte 

sfr *- sfr V byte 

4 

X 

X 


p 


0 

r, r1 

r*-rVr1 

2 

X 

X 


p 


0 

A, saddr 

A *- A V (saddr) 

2 

X 

X 


p 


0 

A, sfr 

A *- A V sfr 

3 

X 

X 


p 


0 

saddr, saddr 

(saddr)*- (saddr) V" (saddr) 

3 

X 

X 


p 


0 

A, mem 

A *- A V (mem) 

2-4 

X 

X 


p 


0 

mem, A 

(mem) *- (mem) V A 

2-4 

X 

X 


p 


0 
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Instruction Set (cont) 






Flags 




Mnemonic Operand 

Operation 

Bytes 

S 

z 

AC 

P/V 

CY 

SUB 

8-Bit Logic (cont) 

CMP A, #byte 

A - byte 

2 

X 

X 

X 

V 

X 

1 

saddr, #byte 

(saddr) - byte 

3 

X 

X 

X 

V 

X 

1 

sfr, #byte 

sfr - byte 

4 

X 

X 

X 

V 

X 

1 

r, r1 

r-r1 

2 

X 

X 

X 

V 

X 

1 

A, saddr 

A - (saddr) 

2 

X 

X 

X 

V 

X 

1 

A, sfr 

A - sfr 

3 

X 

X 

X 

V 

X 

1 

saddr, saddr 

(saddr) - (saddr) 

3 

X 

X 

X 

V 

X 

1 

A, mem 

A - (mem) 

2-4 

X 

X 

X 

V 

X 

1 

mem, A 

(mem) - A 

2-4 

X 

X 

X 

V 

X 

1 

16-Bit Arithmetic 

ADDW AX, #word 

AX, CY ^ AX + word 

3 

X 

X 

X 

V 

X 

0 

saddrp, #word 

(saddrp), CY <- (saddrp) + word 

4 

X 

X 

X 

V 

X 

0 

sfrp, #word 

sfrp, CY sfrp + word 

5 

X 

X 

X 

V 

X 

0 

rp, rp1 

rp, CY ^ rp + rp1 

2 

X 

X 

X 

V 

X 

0 

AX, saddrp 

AX, CY <- AX + (saddrp) 

2 

X 

X 

X 

V 

X 

0 

AX, sfrp 

AX, CY ^ AX + sfrp 

3 

X 

X 

X 

V 

X 

0 

saddrp, saddrp 

(saddrp), CY (saddrp) + (saddrp) 

3 

X 

X 

X 

V 

X 

0 

SUBW AX, #word 

AX, CY ^ AX - word 

3 

X 

X 

X 

V 

X 

1 

saddrp, #word 

(saddrp), CY <- (saddrp) - word 

4 

X 

X 

X 

V 

X 

1 

sfrp, #word 

sfrp, CY sfrp - word 

5 

X 

X 

X 

V 

X 

1 

rp, rp1 

rp, CY rp - rp1 

2 

X 

X 

X 

V 

X 

1 

AX, saddrp 

AX, CY <- AX - (saddrp) 

2 

X 

X 

X 

V 

X 

1 

AX, sfrp 

AX, CY ^ AX - sfrp 

3 

X 

X 

X 

V 

X 

1 

saddrp, saddrp 

(saddrp), CY <- (saddrp) - (saddrp) 

3 

X 

X 

X 

V 

X 

1 

CMPW AX, #word 

AX - word 

3 

X 

X 

X 

V 

X 

1 

saddrp, #word 

(saddrp) - word 

4 

X 

X 

X 

V 

X 

1 

sfrp, #word 

sfrp - word 

5 

X 

X 

X 

V 

X 

1 

rp, rp1 

rp - rp1 

2 

X 

X 

X 

V 

X 

1 

AX, saddrp 

AX - (saddrp) 

2 

X 

X 

X 

V 

X 

1 

AX, sfrp 

AX - sfrp 

3 

X 

X 

X 

V 

X 

1 

saddrp, saddrp 

(saddrp) - (saddrp) 

3 

X 

X 

X 

V 

X 

1 

Muitipiication/Divis ion 

MULU r1 

AX •«- A X r1 

2 







DIVUW r1 

AX (quotient), r1 (remainder) <-AX r1 

2 







MULUW rp1 

AX (high-order 16 bits), rpl (low-order 16 bits) 

AX X rpl 

2 







DIVUX rp1 

AXDE (quotient), rpl (remainder) <-AXDE rpl 

2 
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NEC 


Instruction Set (cont) 

Mnemonic 

Operand 

Operation 

Bytes 

S 

z 

Flags 

AC P/V 

CY 

SUB 

Incretnent/Decreme n t 

INC 

r1 

r1 r1 + 1 

1 

X 

X 

X 

V 


0 


saddr 

(saddr) ♦- (saddr) + 1 

2 

X 

X 

X 

V 


0 

DEC 

r1 

r1 r1 - 1 

1 

X 

X 

X 

V 


1 


saddr 

(saddr) (saddr) - 1 

2 

X 

X 

X 

V 


1 

INCW 

rp2 

rp2 -e- rp2 + 1 

1 








saddrp 

(saddrp) (saddrp) + 1 

3 







DECW 

rp2 

rp2 <- rp2 - 1 

1 








saddrp 

(saddrp) ■«- (saddrp) - 1 

3 







Shift/Rotate 

ROR 

r1, n 

(CY, rl 7 r1o, r1^_i rl^) x n times 

2 




p 

X 

0 

ROL 

r1, n 

(CY, r1o <- riy, r1m+ 1 rl^) x n times 

2 




p 

X 

0 

RORC 

r1, n 

(CY •«- r1o, riy <- CY Hm-l ^ n times 

2 




p 

X 

0 

ROLC 

r1, n 

(CY r1y, rio CY, r1m +1 Hm) ^ n times 

2 




p 

X 

0 

SHR 

r1, n 

(CY rio, riy <*- 0, rl^-i <- rl^) x n times 

2 

X 

X 

0 

p 

X 

0 

SHL 

r1, n 

(CY «- riy, rio 0, r1m +1 ^ r1m) ^ n times 

2 

X 

X 

0 

p 

X 

0 

SHRW 

rp1, n 

(CY <- rpio, rp1-t5 0, rpl^-i rpl^) x n times 

2 

X 

X 

0 

p 

X 

0 

SHLW 

rpl, n 

(CY rpl 15 , rpio ^ 0. '’Plm +1 •’Plm) x n times 

2 

X 

X 

0 

p 

X 

0 

ROR4 

[rp1] 

Aa-o*^ (i'pl)a-O'('■P'*)7-4'^ A3 _o. 

2 









(rp1)3-0 ('■p1)7-4 








ROL4 

[rp 1 ] 

Aa-O*^ (rp1)7-4' ('■P'*)3-0 A3 _o, 

2 









(rp1)y_4 <- (rp1)3_o 








BCD Adjustment 

ADJ4 


Decimal adjust accumulator 

1 

X 

X 

X 

p 

X 


Bit Manipulation 

MOV1 

CY, saddr.bit 

CY <- (saddrbit) 

3 





X 



CY, sfr.bit 

CY ^ sfr.bit 

3 





X 



CY A.bit 

CY ^ A.bit 

2 





X 



CY X.bit 

CY <- X.bit 

2 





X 



CY PSWH.bit 

CY ^ PSWH.bit 

2 





X 



CY, PSWL.bit 

CY ^ PSWLbit 

2 





X 



saddr.bit, CY 

(saddr.bit) «- CY 

3 








sfnbit, CY 

sfr.bitCY 

3 








A.bit. CY 

A.bit <- CY 

2 








X.bit, CY 

X.bit CY 

2 








PSWH.bit, CY 

PSWH.bit ^CY 

2 








PSWLbit, CY 

PSWL.bit <- CY 

2 

X 

X 

X 

X 


X 
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iLiPD78312A Family 


Instruction Set (cont) 

Mnemonic Operand 

Operation 

Bytes 

Flags 

S Z AC P/V 

CY SUB 

Bit Manipulation (cont) 

AND1 CY, saddr.bit 

CY CY A (saddr.bit) 

3 


X 

CY, /saddr.bit 

CY ^ CY A (saddr.bit) 

3 


X 

CY, sfrbit 

CY CY A sfrbit 

3 


X 

CY, /sfr.bit 

CY •»- CY A sfr^ 

3 


X 

CY, A.bit 

CY - CY A A.bit 

2 


X 

CY, /A.bit 

CY CY A Km 

2 


X 

CY, X.bit 

CY - CY A X.bit 

2 


X 

CY /X.bit 

CY -e- CY A Km 

2 


X 

CY PSWH.bit 

CY*- CY A PSWH.bit 

2 


X 

CY, /PSWH.bit 

CY CY A PSWH.bit 

2 


X 

CY PSWLbit 

CY*-CY A PSWLbit 

2 


X 

CY, /PSWLbit 

CY-^CY A PSWLbit 

2 


X 

OR1 CY saddr.bit 

CY - CY V (saddr.bit) 

3 


X 

CY, /saddr.bit 

CY CY V (saddr.bit) 

3 


X 

CY, sfrbit 

CY ^ CY V sfrbit 

3 


X 

CY /sfrbit 

CY ^ CY V ifFbit 

3 


X 

CY, A.bit 

CY CY V A.bit 

2 


X 

CY, /A.bit 

CY ^ CY V Km 

2 


. 

CY, X.bit 

CY CY V X.bit 

2 



CY, /X.bit 

CY ^ CY V Km 

2 


|sg|l 

CY PSWH.bit 

CY <- CY V PSWH.bit 

2 


X 

CY /PSWH.bit 

CY CY V PSWH.bit 

2 


X 

CY PSWL.bit 

CY-CYV PSWLbit 

2 


X 

CY, /PSWL.bit 

CY <-CY V PSWLbit 

2 


X 

XOR1 CY saddr.bit 

CY ^ CY V (saddr.bit) 

3 


X 

CY, sfr.bit 

CY CY V sfr.bit 

3 


X 

CY, A.bit 

CY-H-CY¥A.bit 

2 


X 

CY, X.bit 

CY^CYY X.bit 

2 


X 

CY, PSWH.bit 

CY^CYV PSWH.bit 

2 


X 

CY, PSWL.bit 

CY CY V PSWLbit 

2 


X 

SET1 saddr.bit 

(saddr.bit) 1 

2 



sfrbit 

sfr.bit •*-1 

3 



A.bit 

A.bit 1 

2 



X.bit 

X.bit 1 

2 



PSWH.bit 

PSWH.bit-e- 1 

2 



PSWLbit 

PSWLbit <- 1 

2 

XXX X 

X 
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pPD78312A Family 


NEC 


Instruction Set (cont) 







Flags 




Mnemonic 

Operand 

Operation 

Bytes 

S 

z 

AC 

P/V 

CY 

SUB 

Bit Manipulation (cont) 

CLR1 

saddr.bit 

(saddr.bit)-e-0 

2 








sfrbit 

sfr.bit0 

3 








A.bit 

A.bit «-0 

2 








X.bit 

X.bit <-0 

2 








PSWH.bit 

PSWH.bit ^0 

2 








PSWLbit 

PSWLbit ^0 

2 

X 

X 

X 

X 

X 

X 

NOT1 

saddr.bit 

(saddr.bit) (saddr.bit) 

3 








sfr.bit 

sfr.bit <- sfr.bit 

3 








A.bit 

A.bit ^ Aibit 

2 








X.bit 

X.bit 

2 








PSWH.bit 

PSWH.bit^ PSWH.bit 

2 








PSWLbit 

PSWLbit-*- PSWLbit 

2 

X 

X 

X 

X 

X 

X 

SET1 

CY 

CY^1 

1 





1 


CLR1 

CY 

5 

t 

o 

1 





0 


NOT1 

CY 

CY^CY 

1 





X 


Cali/Return 

CALL 

!addr16 

(SP-1) ^ (PC + 3)h, (SP - 2) ^ (PC + 3)l, 
PC^addrie, SP ^ SP - 2 

3 








rp1 

(SP-1) ^ (PC + 2)h, (SP - 2) (PC + 2)l, 

PCh ^ rp1 H, PCl <- rpl l, SP ^ SP - 2 

2 








[rp1] 

(SP-1) ^ (PC + 2)h. (SP - 2) ^ (PC + 2)l, 

PCh (rpl + 1), PCl ^ (rpl), SP <- SP - 2 

2 







CALLF 

!addr11 

(SP-1) <- (PC + 2)h, (SP - 2) ^ (PC + 2)l, 

PCi5.li ^ 00001 - PCio-0 iacldrl 1 , SP ^ SP - 2 

2 







CALL! 

[addrS] 

(SP-1) <- (PC + 1)h, (SP - 2) <- (PC + 1)l, 

PCh <- (TPFxSOOOH + addrS +1), 

PCl ^ (TPFxSOOOH + addrS), SP ^ 

SP-2 

1 







BRK 


(SP-1) ^ PSWH, (SP - 2) PSWL, (SP - 
3)^(PC+ 1)h. (SP-4)- (PC+ 1)l, 

PCl ^ (003EH), PCh ^ (003FH), SP SP - 4, 
lE^O 

1 







RET 


PCl (SP), PCh ^ (SP + 1), SP ^ SP + 2 

1 







RETI 


PCl ^ (SP), PCh ^ (SP + 1), PSWL ^ (SP + 2), 
PSWH (SP + 3), SP SP + 4, EOS 0 

1 

R 

R 

R 

R 

R 

R 

Stack Manipuiation 

PUSH 

post 

{(SP - 1) ^ rppH, (SP - 2 )<r- rppL, SP SP - 2} x 
n (Note 2) 

2 








PSW 

(SP - 1) ^ PSWH, (SP - 2) <- PSWL, SP ^ SP - 2 

1 
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JUPD78312A Family 


Instruction Set (cont) 

Mnemonic 

Operand 

Operation 

Bytes 

Flags 

S Z AC P/V CY SUB 

Stack Manipulation (cont) 

PUSHU 

post 

{(UP - 1) <- rppH, (UP - 2) - rppL, UP <h- UP - 2} x 
n (Note 2) 

2 


POP 

post 

{rppL •«- (SP), rppH •<- (SP + 1), SP •*- SP + 2} x n 
(Note 2) 

2 



PSW 

PSWL -e- (SP), PSWH - (SP + 1), SP 4- SP + 2 

1 

R R R R R R 

POPU 

post 

{rppL <- (UP), rppH ^ (UP + 1), UP UP + 2} x n 
(Note 2) 

2 


MOVW 

SP, #word 

SP 4- word 

4 



SP, AX 

SP4-AX 

2 



AX, SP 

AX4-SP 

2 


I NOW 

SP 

SP 4- SP + 1 

2 


DECW 

SP 

SP4-SP-1 

2 


Unconditional Branch 

BR 

!addr16 

PC 4- !addr16 

3 



rp1 

PCH4-rplH, PCL4-rplL 

2 



[rpl] 

PCH-(rp1)H, PCL-(rp1)L 

2 



$addr16 

PC 4- addr 16 

2 


Conditional Branch 

BCor BL 
(Note 3) 

$addr16 

PC — $addr 16 if CY = 1 

2 


BNCor BNL 
(Note 3) 

$addr16 

PC 4- $addr 16 if CY = 0 

2 


BZor BE 
(Note 3) 

$addr16 

PC 4- $addr 16 if Z = 1 

2 


BNZor BNE 
(Note 3) 

$addr16 

PC 4- $addr 16 if Z = 1 

2 


BVor BPE 
(Note 3) 

$addr16 

PC 4- $addr 16 if P/V = 1 

2 


BNVor BPO 
(Note 3) 

$addr16 

PC 4- $addr 16 if P/V = 0 

2 


BN 

$addr16 

PC 4- $addr 16 if S = 1 

2 


BP 

$addr16 

PC 4- $addr 16 if S = 0 

2 


BGT 

$addr16 

PC 4- $addr 16 if (P/V V S ) V Z = 0 

3 


BGE 

$addr16 

PC ^ $addr 16 if P/V ¥ S = 0 

3 


BIT 

$addr16 

PC 4- $addr 16 if P/V ¥ S = 1 

3 


BLE 

$addr16 

PC 4- $addr 16 if (P/V ¥ S) V Z = 1 

3 


BH 

$addr16 

PC 4- $addr 16 if Z V CY = 0 

3 


BNH 

$addr16 

PC - $addr 16 if Z V CY = 1 

3 



5a 
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JLIPD78312A Family 


NEC 


Instruction Set (cont) 

Mnemonic 

Operand 

Operation 

Bytes 

S 

z 

Flags 

AC 

PA^ 

CY 

SUB 

Conditional Branch (cont) 

BT 

saddr.bit, $addr16 

PC <- $addr 16 if (saddr.bit) = 1 

3 








sfnbit, $addr16 

PC «- $addr 16 if sfnbit = 1 

4 








A.bit, $addr16 

PC -e- $addr 16 if A.bit = 1 

3 








X.bit, $addr16 

PC^$addr16ifX.bit= 1 

3 








PSWH.bit, $addr16 

PC ^ $addr 16 If PSWH.bit = 1 

3 








PSWLbit, $addr16 

PC <- $addr 16 if PSWLbit = 1 

3 







BF 

saddr.bit, $addr16 

PC $addr 16 if (saddr.bit) = 0 

4 








sfrbit, $addr16 

PC $addr 16 if sfnbit = 0 

4 








A.bit, $addr16 

PC*-$addr 16 if A.bit = 0 

3 








X.bit, $addr16 

PC<«-$addr16 if X.bit = 0 

3 








PSWH.bit, $addr16 

PC $addr 16 if PSWH.bit = 0 

3 








PSWLbit, $addr16 

PC -H- $addr 16 if PSWLbit = 0 

3 







BTCLR 

saddr.bit, $addr16 

PC $addr 16 if (saddr.bit) = 1 then reset 
(saddr.bit) 

4 








sfnbit, $addr16 

PC •*- $addr 16 if sfnbit = 1 then reset sfnbit 

4 








A.bit, $addr16 

PC ■«- $addr 16 if A.bit = 1 then reset A.bit 

3 








X.bit, $addr16 

PC <- $addr 16 if X.bit = 1 then reset X.bit 

3 








PSWH.bit, $addr16 

PC $addr 16 if PSWH.bit = 1 then reset 

PSWH.bit 

3 








PSWLbit, $addr16 

PC $addr 16 if PSWLbit = 1 then reset 

PSWLbit 

3 

X 

X 

X 

X 

X 

X 

BFSET 

saddr.bit, $addr16 

PC «- $addr 16 if (saddnbit) = 0 then set (saddr.bit) 

4 








sfnbit, $addr16 

PC ♦- $addr 16 if sfnbit = 0 then set sfnbit 

4 








A.bit, $addr16 

PC •*- $addr 16 if A.bit = 0 then set A.bit 

3 








X.bit, $addr16 

PC ♦- $addr 16 if X.bit = 0 then set X.bit 

3 








PSWH.bit, $addr16 

PC - $addr 16 if PSWH.bit = 0 then set PSWH.bit 

3 








PSWLbit, $addr16 

PC ^ $addr 16 if PSWLbit = 0 then set PSWLbit 

3 

X 

X 

X 

X 

X 

X 

DBNZ 

r2, $addr16 

r2 r2 - 1, then PC -h- $addr 16 If (r2) 0 

2 








saddr, $addr16 

(saddr) ♦- (saddr) - 1, then PC •*- $addr 16 if (saddr) 

^ 0 

3 







Context Switching 

BRKCS 

RBn 

RBSa-o n, PCh R5, PCl R4, R7 PSWH, 
R6-PSWL, RSS-h-O, IE^O 

2 







RETCS 

!addr16 

PCh R5, PCl •»- R4, R5 ♦- !addr16H, 

R4 !addr16L, PSWH — R7, PSWL R6, EOS ^ 

0 

3 

R 

R 

R 

R 

R 

R 
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jifPD78312A Family 


Instruction Set (cont) 

Mnemonic 

Operand 

Operation 

Bytes 

S 

Z 

Flags 

AC 

P/V 

CY 

SUB 

String Manipulation 

MOVM 

[DE+], A 

(DE+) -*- A. C C-1 End if C = 0 

2 








[DE-], A 

(DE-) ^ A. C ^ C-1 End if C = 0 

2 







MOVBK 

[DE+], [HL+] 

(DE+) *- (HL+).C<*-C-1 End if C = 0 

2 








[DE-], [HL-] 

(DE-) <- (HL-). C <- C-1 End if C = 0 

2 







XCHM 

[DE+], A 

(DE+)«.A. C^C-1 End if C = 0 

2 








[DE-], A 

(DE-) -H. A. C <- C-1 End if C = 0 

2 







XCHBK 

[DE+], [HL+] 

(DE+) (HL+), C ^ C-1 End if C = 0 

2 








[DE-]. [HL-] 

(DE-) (HL-). C C-1 End if C = 0 

2 







CMPME 

[DE+], A 

(DE+)-A. C<-C-1 End if C = OorZ = 0 

2 

X 

X 

X 

V 

X 

1 


[DE-], A 

(DE-) - A. C - C-1 End if C = 0 or Z = 0 

2 

X 

X 

X 

V 

X 

1 

CMPBKE 

[DE+], [HL+1] 

(DE+)-(HL+), C-«-C-1 End if C= OorZ = 0 

2 

X 

X 

X 

V 

X 

1 


[DE-], [HL-] 

(DE-) - (HL-). C C-1 End if C = 0 or Z = 0 

2 

X 

X 

X 

V 

X 

1 

CMPMNE 

[DE+], A 

(DE+)-A. C^C-1 End if C = 0 or Z = 1 

2 

X 

X 

X 

V 

X 

1 


[DE-], A 

(DE-) - A. C «- C-1 End if C = 0 or Z = 1 

2 

X 

X 

X 

V 

X 

1 

CMPBKNE 

[DE+], [HL+] 

(DE+)-(HL+). C<-C-1 End if C = OorZ = 1 

2 

X 

X 

X 

V 

X 

1 


[DE-], [HL-] 

(DE-) - (HL-). C C-1 End if C = 0 or Z = 1 

2 

X 

X 

X 

V 

X 

1 

CMPMC 

[DE+], A 

(DE+) - A. C ♦- C-1 End if C = 0 or CY = 0 

2 

X 

X 

X 

V 

X 

1 


[DE-], A 

(DE-) - A. C <- C-1 End if C = 0 or CY = 0 

2 

X 

X 

X 

V 

X 

1 

CMPBKC 

[DE+], [HL+1] 

(DE+)-(HL+).C<-C-1 End if C = 0 or CY = 0 

2 

X 

X 

X 

V 

X 

1 


[DE-], [HL-] 

(DE-) - (HL-). C <- C-1 End if C = 0 or CY = 0 

2 

X 

X 

X 

V 

X 

1 

CMPMNC 

[DE+], A 

(DE+) - A. C <- C-1 End if C = 0 or CY = 1 

2 

X 

X 

X 

V 

X 

1 


[DE-]. A 

(DE-) - A, C <- C-1 End if C = 0 or CY = 1 

2 

X 

X 

X 

V 

X 

1 

CMPBKNC 

[DE+]. [HL+] 

(DE+) - (HL+), C C-1 End if C = 0 or CY = 1 

2 

X 

X 

X 

V 

X 

1 


[DE-]. [HL-] 

(DE-) - (HL-). C - C-1 End if C = 0 or CY = 1 

2 

X 

X 

X 

V 

X 

1 


CPU Control 


MOV 

STBC. #byte 

STBC byte 

4 


WDM. #byte 

WDM •«- byte 

4 

SWRS 


RSS-^ RSS 

1 

SEL 

RBn 

RBS 2.0 HSS 0 

2 


RBn. ALT 

RBS 2.0 n, RSS ♦- 1 

2 



No operation 

1 



IE ♦-1 (Enable Interrupt) 

1 



IE 0 (Disable interrupt) 

1 


Notes: 

(1) One byte move instruction when [DE], [HL], [DE+], [DE-], 
[HL+], or [HL-] is specified for mem. 

(2) rpp refers to register pairs specified in post byte, "n” is the 
number of register pairs specified in post byte. 

(3) Either of the two mnemonics may be used. 
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jiiPD78322 Family 

IVIEC- (JUPD78320/322/P322) 

NEC Electronics Inc. 16/8-Blt, K-Series Microcontrollers 

With A/D Converter, Real-Time Output Ports 

July 1993 


Description 

The /iPD78320, /iPD78322. and /iPD78P322 are mem¬ 
bers of the K-Series® of microcontrollers. These 16/8-blt 
microcontrollers—with a minimum Instruction time of 
250 ns at 16 MHz—are designed for high-speed, real¬ 
time process control. They feature a 16-bit CPU, an 
8-bit external data bus, eight banks of main registers, 
an advanced interrupt handling facility, and a powerful 
set of memory-mapped on-chip peripherals. 

On-board memory includes 640 bytes of RAM and 16K 
bytes of mask ROM, UV EPROM, or one-time program¬ 
mable (OTP) ROM. A ROMIess version is also available. 

The advanced interrupt handling facility has three 
levels of programmable hardware priority control and 
three methods of servicing interrupt requests, includ¬ 
ing vectoring, hardware context switching, and macro 
service. 

The macro service facility reduces the CPU overhead 
involved in servicing peripheral interrupts by transfer¬ 
ring data between the memory-mapped special func¬ 
tion registers (SFRs) and memory without the use of 
time consuming interrupt service routines. In addition, 
the macro service facility can be used to perform 
certain CPU functions, such as event counting, math- 
oriented data alterations, data comparisons, or A/D 
converter buffering. 

The combination of context switching, eight register 
banks, and the macro service facility makes these 
devices ideal for applications in the hard-disk drive and 
tape drive markets. 

K-Series is a registered trademark of NEC Electronics Inc. 

Features 

□ Complete single-chip microcontroller 

— 16-bit ALU 

— 640 bytes of RAM 

— 16K bytes of ROM (pPD78322) 

□ Powerful instruction set 

— 16-bit multiply and divide 

— 1-bit and 8-bit logic instructions 

— String instructions 


o Minimum instruction time: 250 ns at 16 MHz 

□ 3-byte instruction prefetch queue 

□ Memory expansion 

— 8085 bus-compatible 

— 64K-byte address space 

□ Large I/O capacity 

— Up to 55 I/O port lines (iL;PD78322/P322) 

— Up to 37 I/O port lines (iuPD78320) 

□ Memory-mapped on-chip peripherals 
(special function registers) 

□ Real-time pulse unit 

— 16/18-bit free-running timer 

— 16-bit timer/event counter 

— Six 16-bit compare registers 

— Four 18-bit capture registers 

— Six external interrupt/capture lines 

— One external event counter/interrupt line 

— Six timer-controlled output lines 

□ 10-bit, eight-channel A/D converter; on-chip sample 
and hold amplifier 

□ Two-channel serial communications interface 

— Asynchronous serial interface (UART) 

— Clock-synchronized Interface 

— Full-duplex, three-wire mode 

— NEC serial bus Interface (SBI) mode 

— Dedicated baud-rate generator 

□ Programmable priority interrupt controller (three 
levels) 

□ Three methods of interrupt service 
—Vectored interrupts 

— Context switching with hardware save of all 
general registers 

— Macro service mode with choice of nine different 
functions 

□ Watchdog timer with dedicated output 

□ STOP and HALT standby functions 

□ 5-volt CMOS technology 
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iuPD78322 Family NEC 


Ordering Information 

Part Number 

Operating 
Temperature Range 

External Clock 

Package 

Package Drawing 

ROM 

/iPD78320GF 

-10to+70“C 

8 to 16 MHz 

80-pin plastic QFP 

P80GF-80-3B9-1 

ROMIess 

GF(A) 

-40 to +85°C 





GF(A1) 

-40 to +110°C 

8 to 12 MHz 




GF(A2) 

-40 to +125°C 





/iPD78320L 

-10 to +70°C 

8 to 16 MHz 

68-pin PLCC 

P68L-50A1-1 


L(A) 

-40 to +85°C 





L{A1) 

-40 to +110°C 

8 to 12 MHz 




L(A2) 

-40 to +125°C 





/L/PD78322GF-XXX 

-10 to +70°C 

8 to 16 MHz 

80-pin plastic QFP 

P80GF-80-3B9-1 

16K mask ROM 

GF(A)-xxx 

-40to+85°C 





GF(A1)-xxx 

-40 to +110°C 

8 to 12 MHz 




GF(A2)-xxx 

-40 to +125°C 





/JPD78322L-XXX 

-10to+70°C 

8 to 16 MHz 

68-pin PLCC 

P68L-50A1-1 


L(A)-xxx 

-40 to +85°C 





L(A1)-xxx 

-40 to +110°C 

8 to 12 MHz 




L(A2)-xxx 

-40 to +125°C 





/iPD78P322GF 

-10 to +70"C 

8 to 16 MHz 

80-pin plastic QFP 

P80GF-80-3B9-1 

16K OTP ROM 

L 

-10 to +70°C 

8 to 16 MHz 

68-pin PLCC 

P68L-50A1-1 


/iPD78P322KE 

-10to+70°C 

8 to 16 MHz 

80-pin ceramic LCC 
w/ window 

X80KW-80A 

16K UV EPROM 

KC 

-10 to +70°C 

8 to 16 MHz 

68-pin ceramic LCC 
w/ window 

X68KW-50A 



XXX indicates ROM code suffix 
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jiiPD78322 Family 


Pin Configurations 

68-Pin PLCC or Ceramic LCC 


® jp Sp JN <? 

K<o«>-^rnw 

Q.Q.a.QLa.Q.OLa.><<a.QLa.ci.QLa. 


O>C0N<OIO'>tC0CM 


S S S S S 5 


P3(/rxD C 
Pa-j/RxD C 
P32^SO/SBO [ 
P3ySI/SB1 [ 

P34/^ C 
P8(yTOOO C 
P81/TOOI C 
P82/TOO2 C 
P83/TO03 C 
P84/TOIO C 
P8 5n'011 C 
RESET C 


RTP^/POo [ 


60 □ P7i/AN1 
59 □ P7(/AN0 
58 □ AVss 
57 □ Vdd 
56 □ P 57/A15 
55 □ P56^Ai4 
54 □ P 55/A13 
53 □ P54/Ai2 
52 □ P53^Aii 
51 □ P52 ^Aio 
50 □ PSi/Ag 
49 □ P5(/A8 
48 □ P47/AD7 
47 □ P46^ADe 
46 □ P45/AD5 
45 □ P44/AD4 
44 □ P43/AD3 


*Vpp on (1PD78P322. 


J" OT « iN ICC iQ PQ o y- 

oS'cbooooS 0.0.0. 

0000000 '“^ 
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JIIPD78322 Family 


Pin Configurations (cont) 

80 -Pin Plastic QFP or Ceramic LCC 


|||l 


80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 


Pay/INTPeTTi [ 
NCC 
NC[ 
P3onxD[ 
P3i/HxD [ 
P 32 ^SCySB 0 C 
POg/SI/SBI [ 
P 34 /SCKC 
P8(/rOOOC 
P81/TOOI C 
P82/TOO2 [ 
P83/T003C 
P84/TOIO [ 
NC[ 
P85/TOIIC 
RESET [ 
X2C 
XI [ 

WDTOC 
RTP(/POo C 
NCC 
RTP1/PO1 [ 
NCC 


64 

□ P72^AN2 

63 

□ NC 

62 

□ NC 

61 

□ P7i/AN1 

60 

□ P7(/AN0 

59 

:iAVss 

58 

^ Vdd 

57 

□ P57/A15 

56 

□ P56^Ai4 

55 

□ P55^Ai3 

54 

□ P54/A12 

53 

□ P53/A11 

52 

□ P52/A10 

51 

□ P5i/A9 

50 

□ P5(/A8 

49 

□ P47/AD7 

48 

□ P4e^AD6 

47 

□ P454AD5 

46 

□ P44/AD4 

45 

□ P43/AD3 

44 

□ NC 

43 

□ NC 

42 

□ NC 

41 

□ PA 2 /AD 2 


25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 


<M « ^ jp ^ * <f) m Q \m \a: \a ta o T- 

llllllr'Ill'll- 


NC No connection; may be connected to Vss to prevent noise. 
★ VpponnPD78P322. 
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Pin Functions 

Symbol 

First Function 

Symbol 

Second Function 

POo - PO 7 

Port 0 ; 8 -bit, bit-selectable I/O port 

RTPo - RTP 7 

Bit-selectable, timer-controlled, real-time output 
port 

P2o 

Port 2; 8 -bit input port 

NMI 

External nonmaskable interrupt 

P2i - P26 


INTPO - 1NTP5 

Maskable external interrupts; edge-selectable 

P27 


INTP 6 /TI 

Maskable external interrupt or timer input 

P 3 o 

Port 3; 5-bit, bit selectable I/O port 

TxD 

Asynchronous serial transmit 

P3i 


RxD 

Asysnchronous serial receive 

P32 


SO/SBO 

SO: serial data output for 3-wire serial I/O mode. 
SBO: I/O bus for NEC serial bus interface (SBI). 

P33 


SI/SB1 

SI: serial data input for 3-wire serial I/O mode. 

SBI: I/O bus for NEC serial bus interface (SBI). 

P34 


SCK 

Serial clock input or output 

P4o-P47 

Port 4; 8 -bit, byte-selectable I/O port 

ADq - AD 7 

Low-order byte of external address/data bus 

P5o-P57 

Port 5; 8 -bit, bit-selectable I/O port 

A8-A15 

High-order byte of external address bus 

P70-P77 

Port 7; 8 -bit input port 

ANO-AN7 

Inputs for A/D converter 

P 80 

Port 8 ; 6 -bit, bit-selectable I/O port 

TOGO 

Timer (RPU) output lines 

P 81 


TO01 


P 82 


TO02 


P 83 


TO03 


P 84 


TO10 


P 85 


T011 


P9o 

Port 9; 4-bit, bit-selectable I/O port 

RD 

i 

External read strobe 

P 9 l 


WR 

External write strobe 

P92-P93 




ASTB 

External address latch strobe 



EA 

External access control on /uPD78320/ 

322; a high level enables access to on- 
chip ROM; a low level is applied if all 
program memory is external. Must be 
tied low for the /iPD78320. 



RESET 

External system reset input 



WDTO 

Watchdog timer output 



XI 

Crystal connection or external clock 
input. 



X2 

Crystal connection; not necessary to 
connect with external clock input. 



AVref 

A/D converter reference voltage input 



AVdd 

A/D converter -F5-volt power input 



AVss 

A/D converter ground 



Vdd 

+ 5-volt power input 



Vss 

Ground 



Vpp 

PROM write-verify power input on 
/iPD78P322 only. Must be tied to Vdd ^or 
normal operation 



NC 

Not connected internally. May be 
connected to Vss 
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mPD 78322 Family Block Diagram 



(RTP0-RTP7) 


♦ |jiPD78322/P322. 
**ypp on tiPD78P322 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit 

The central processing unit (CPU) of the pPD78322 
family features 16-blt arithmetic including 16-by-16-bit 
multiply, both unsigned and signed, and 32-by-16-blt 
unsigned divide (producing a 32-blt quotient and a 
16-bit remainder). The signed multiply executes in 3.5 
IJS and the divide in 5.38 /iS at 16 MHz. 

A CALLT vector table and a CALLF area decrease the 
number of bytes in the call instructions for commonly 
used subroutines. A 1-byte call Instruction can access 
up to 32 subroutines through their addresses in the 
CALLT vector table. A 2-byte call instruction can access 
any routine beginning In a specific CALLF area. 

The internal system clock (fciK) is generated by divid¬ 
ing the oscillator frequency by 2. Therefore, at the 
maximum oscillator frequency of 16 MHz, the clock is 8 
MHz. Since some instructions execute in two cycles, 
the minimum instruction time is 250 ns. 

On-Chip RAM 

The /iPD78322 family has a total of 640 bytes of on-chip 
RAM. The upper 256-byte area (FEOOH-FEFFH) features 
high-speed access of one word of data per Internal 
system clock and is known as “main RAM.” The remain¬ 
der (FC80H-FDFFH) is accessed at the same speed as 
external memory (1 byte per three internal system 
clocks) and is known as “peripheral RAM.” The general 
register banks and the macro service control words are 
stored In main RAM. The remainder of main RAM and 
any unused register bank locations are available for 
general storage. 

On-Chip PROM 

The /JPD78322 contains 16K bytes of Internal ROM; the 
/iPD78P322 contains 16K bytes of UV EPROM or one¬ 
time programmable ROM. Instructions are fetched from 
this on-chip memory at a maximum rate of 1 byte every 
Internal system clock through the high-speed fetch 
mode. The jL/PD78320 does not have on-chip PROM. 

External Memory 

The jL/PD78322 family has a 64K-byte address space. 
The/iPD78322/P322 can access 0, 256, 4K. 16K, or 48K 
bytes of external memory In the area from 4000H to 
FFFFH. External memory can be either ROM or RAM 
(or both) as required. The) l/PD 78322/P322 have an 8-bit 
wide external data bus and a 16-bit wide external 


address bus. The low-order 8 bits of the address bus 
are multiplexed to provide the 8-bit data bus and are 
supplied by I/O port 4. 

High-order address bits are taken from port 5 as re¬ 
quired. Address latch, read, and write strobes are also 
provided. The memory mode register (MM) controls the 
size of the external memory. It can be programmed for 
0, 4, 6, or 8 bits from port 5 for the high-order address. 
Any remaining port 5 bits can be used for I/O. 

The /iPD78320 does not have ports 4 and 5. It has eight 
dedicated high-order address lines and eight dedi¬ 
cated address/data lines. All memory below address 
FC80H must be external. 

The programmable wait control register (PWC) allows 
the programmer to specify one or two additional wait 
states if they are required for low-speed memory or 
external peripheral devices. These wait states for inter¬ 
nal and external memory are specified independently. 

Program Fetch 

The /iPD78322 family allows opcode fetch in the area 
between OOOOH and FFFFH under the following con¬ 
straints: from FC80H to FDFFH, opcodes will be 
fetched from the peripheral RAM; from FFEOH to 
FFFFH, opcodes will be fetched from external memory 
only. The/jPD78322 family contains a 3-byte instruction 
prefetch queue. The bus control unit can fetch an 
instruction byte from memory during cycles In which 
the execution unit is not using the memory bus. 

Instruction bytes can be fetched from on-chip memory 
in either high-speed or ordinary fetch cycle mode. The 
fetch cycle control register (FCC) Is used to select the 
mode. In high-speed fetch cycle mode, one Internal 
system clock is required to fetch each instruction byte 
from on-chip memory. In ordinary fetch cycle mode, 
each byte to be fetched requires three, four, or five 
Internal system clocks depending on the setting of the 
PWC register. 

Each instruction byte fetched from external memory 
requires three, four, or five internal system clocks de¬ 
pending on the setting of the PWC register. 

CPU Control Registers 

Program Counter. The program counter is a 16-bit 
register that holds the address of the next instruction 
to be executed. During reset, the program counter is 
loaded with the address stored In locations OOOOH and 
0001H. 
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stack Pointer. The stack pointer is a 16-bit register 
that holds the address of the last item pushed onto the 
stack. It is decremented before new data is pushed 
onto the stack and incremented after data is popped 
off the stack. 

CPU Control Word. The CPU control word (CCW) 
selects the origin of the interrupt vector and CALLT 
tables. If the TPF bit (bit 1) is zero, the origin is OOOOH; 
if the TPF bit is one, the origin is 8000H. The CCW is a 
special function register located at address FFC1H. 
The addresses of the vectors for the RESET input, 
operation-code trap, and BRK instruction are fixed at 
OOOOH, 0003CH, and 003EH, respectively, and are not 
altered by the TPF bit. 

Program Status Word. The program status word 
(PSW) is a 16-bit register containing flags that are set or 
reset depending on the results of an instruction. This 
register can be written to or read from 8 bits at a time. 
The high-order 8 bits are called the PSWH and the 
low-order 8 bits are called the PSWL. The individual 
flags can also be manipulated on a bit-by-bit basis. The 
assignment of PSW bits follows. 



7 

6 

5 

4 

3 

2 

1 

0 

PSWH 

UF 

RBS2 

RBS1 

RBSO 

0 

0 

0 

0 


7 

6 

5 

4 

3 

2 

1 

0 

PSWL 

S 

Z 

RSS 

AC 

IE 

P/V 

LT 

CY 

UF 


User flag 







RBS2-RBS0 Active register bank number 
S Sign flag (1 if last result was negative) 

Z Zero flag (1 if last result was zero) 

RSS Register set selection flag 

AC Auxiliary carry flag (carry out of 3 bit) 

IE Interrupt enable flag 

PN Parity or arithmetic overflow flag 

LT Interrupt priority level transition flag 

CY Carry bit (or 1-bit accumulator for logic) 


General Registers 

There are sixteen 8-bit general registers, which can 
also be paired to function as 16-bit registers. A com¬ 
plete set of 16 registers Is mapped into each of eight 
program-selectable register banks stored in main RAM. 
Three bits in the PSW Identify active register banks. 

Registers have functional names (like A, X, B, C for 8-blt 
registers and AX, BC for 16-bit registers) and absolute 
names (like R1, RO, R3, R2 for 8-blt registers and RPO, 
RP1 for 16-bit registers). Each Instruction determines 
whether a register Is referred to by functional or abso¬ 
lute name and whether it is 8 or 16 bits. 

Two possible relationships may exist between the ab¬ 
solute and functional names of the first four register 
pairs. The RSS bit in the PSW determines which of these 
is active at any time. The effect is that the accumulator 
and counter registers can be saved, and a new set can 
be specified by toggling the RSS bit. Figure 1 illus¬ 
trates the general register configuration. 
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Figure 1. General Registers 


Register Storage RSS = 0 

1H OH 



Addressing 

The jL/PD78322 family features 1-byte addressing of 
both the special function registers and the portion of 
on-chip RAM from FE20H to FEFFH. The 1-byte sfr 
addressing accesses the entire SFR area, whereas the 
1-byte saddr addressing accesses the first 32 bytes of 
the SFR area and 224 bytes of the main RAM. 

The 16-bit SFRs and words of memory in these areas 
can be addressed by 1-byte saddrp addressing, which 
is valid for even addresses only. Since many instruc¬ 
tions use 1-byte addressing, access to these locations 
is almost as fast and as versatile as access to the 
general registers. 

There are nine addressing modes for data in main 
memory: direct, register, register indirect with autoin¬ 
crement or decrement, saddr, saddr indirect, SFR, 
based, indexed, and based indexed. There are also 
8-bit and 16-bit immediate operands. Figure 3 is the 
memory map of the ^PD78322 family. 


5b 
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Figure 2. Memory Map 
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Special Function Registers 

The input/output ports, timers, capture and compare 
registers, and mode and control registers for both the 
peripherals and the CPU are collectively known as 
special function registers. They are all memory- 
mapped between FFOOH and FFFFH and can be ac¬ 
cessed either by main memory addressing or by 1-byte 
SFR addressing. All except the port mode registers and 
the asynchronous serial transmission shift register can 


be read under program control, and most can also be 
written. They are either 8 or 16 bits, as required, and 
many of the 8-blt registers are capable of single-bit 
access as well. 

Locations FFDOH through FFDFH are known as the 
external access area. Registers In external circuitry, 
interfaced and mapped to these addresses, can be 
addressed with SFR addressing. Table 1 lists the spe¬ 
cial function registers. 


Table /. Special Function Registers 


Address 

Register 

Symbol 

R/W 

Access Unit (Bits) 

1 8 16 

State After Reset 

FFOOH 

Porto 

PO 

R/W 

X 

X 

— 

Undefined 

FF02H 

Port 2 

P2 

R 

— 

X 

— 

Undefined 

FF03H 

Port 3 

P3 

R/W 

X 

X 

— 

Undefined 

FF04H 

Port 4 

P4 

R/W 

X 

X 

— 

Undefined 

FF05H 

Ports 

P5 

R/W 

X 

X 

__ 

Undefined 

FF07H 

Port 7 

P7 

R 

— 

X 

— 

Undefined 

FF08H 

Port 8 

P8 

R/W 

X 

X 

— 

Undefined 

FF09H 

Port 9 

P9 

R/W 

X 

X 

— 

Undefined 

FFOAH-FFOBH 

Free-running counter (lower 16 bits)* 

TMOLW 

R 

— 

— 

X 

OOOOH 

FF10H-FF11H 

Capture register XO (lower 16 bits)* 

CTXOLW 

R 

— 

— 

X 

Undefined 

FF12H-FF13H 

Capture register 01 (lower 16 bits)* 

CT01LW 

R 

— 

— 

X 

Undefined 

FF14H-FF15H 

Capture register 02 (lower 16 bits)* 

CT02LW 

R 

— 

— 

X 

Undefined 

FF16H-FF17H 

Capture register 03 (lower 16 bits)* 

CT03LW 

R 

— 

— 

X 

Undefined 

FF18H-FF19H 

Capture/compare register XO (lower 16 bits)* 

CCXOLW 

R/W 

— 

— 

X 

Undefined 

FF1AH-FF1BH 

Capture/compare register 01 (lower 16 bits)* 

CC01LW 

R/W 

— 

— 

X 

Undefined 

FF20H 

Port 0 mode register 

PMO 

W 

— 

X 

— 

FFH 

FF23H 

Port 3 mode register 

PM3 

W 

— 

X 

— 

xxxl 1111B 

FF25H 

Port 5 mode register 

PM5 

W 

— 

X 

— 

FFH 

FF28H 

Port 8 mode register 

PM8 

W 

— 

X 

— 

xxll 1111B 

FF29H 

Port 9 mode register 

PM9 

W 


X 

— 

xxxx 1111B 

FF2AH-FF2BH 

Free running counter (high 16 bits)* 

TMOUW 

R 

— 

— 

X 

OOOOH 

FF2CH-FF2DH 

Timer register 1 

TM1 

R 

— 

— 

X 

OOOOH 

FF30H-FF31H 

Capture register XO (high 16 bits)* 

CTXOUW 

R 

— 

— 

X 

Undefined 

FF32H-FF33H 

Capture register 01 (high 16 bits)* 

CT01UW 

R 

— 

— 

X 

Undefined 

FF34H-FF35H 

Capture register 02 (high 16 bits)* 

CT02UW 

R 

- 

— 

X 

Undefined 

FF36H-FF37H 

Capture register 03 (high 16 bits)* 

CT03UW 

R 

— 

— 

X 

Undefined 

FF38H-FF39H 

Capture/compare register XO 
(high 16 bits)* 

CCXOUW 

R/W 

— 

— 

X 

Undefined 

FF3AH-FF3BH 

Capture/compare register 01 
(high 16 bits)* 

CC01UW 

R/W 

— 

— 

X 

Undefined 

FF40H 

Port 0 mode control register 

PMCO 

W 

— 

X 

— 

OOH 

FF41H 

Real-time output port set register 

RTPS 

R/W 

X 

X 

~ 

OOH 


5b 
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Table 1. Special Function Registers (cent) 







Address 

Register 

Symbol 

R/W 

Access Unit (Bits) 

1 8 16 

State After Reset 

FF43H 

Port 3 mode control register 

PMC3 

W 

— 

X 

- 

xxxO OOOOB 

FF48H 

Port 8 mode control register 

PMC 8 

w 

_ 

X 

— 

xxOO OOOOB 

FF4CH-FF4DH 

Baud rate generator 

BRG 

R/W 

— 

— 

X 

Undefined 

FF60H 

Real-time output port register 

RTP 

R/W 

X 

X 

— 

Undefined 

FF61H 

Real-time output port reset register 

RTPR 

R/W 

X 

X 

— 

OOH 

FF62H 

Port read control register 

PRDC 

R/W 

X 

X 

- 

OOH 

FF 68 H 

A/D converter mode register 

ADM 

R/W 

X 

X 

— 

OOH 

FF 6 AH 

A/D converter result register 
(16-bit access) 

ADCR 

R 

— 

— 

X 

Undefined 

FF 6 BH 

A/D converter result register 
(high 8 bits) 

ADCRH 

R 

— 

X 

— 

Undefined 

FF70H-FF71H 

Compare register 00 

CMOO 

R/W 

— 

— 

X 

Undefined 

FF72H-FF73H 

Compare register 01 

CM01 

R/W 

— 

— 

X 

Undefined 

FF74H-FF75H 

Compare register 02 

CM02 

R/W 

— 

— 

X 

Undefined 

FF76H-FF77H 

Compare register 03 

CM03 

R/W 

— 

— 

X 

Undefined 

FF7CH-FF7DH 

Compare register 10 

CM10 

R/W 

— 

— 

X 

Undefined 

FF7EH-FF7FH 

Compare register 11 

CM11 

R/W 

— 

— 

X 

Undefined 

FF80H 

Clock synchronized serial interface mode 
register 

CSIM 

R/W 

X 

X 

— 

OOH 

FF82H 

Serial bus interface control register 

SBIC 

R/W 

X 

X 

— 

OOH 

FF 86 H 

Serial I/O shift register 

SIO 

R/W 

X 

X 

— 

Undefined 

FF 88 H 

Asynchronous serial interface mode register 

ASIM 

R/W 

X 

X 

— 

80H 

FF 8 AH 

Asynchronous serial interface status register 

AS IS 

R 

— 

X 

— 

OOH 

FF 8 CH 

Serial receive buffer: UART 

RXB 

R 

— 

X 

- 

Undefined 

FF 8 EH 

Serial transmit shift register: UART 

TXS 

W 

— 

X 

— 

Undefined 

FFBOH 

Timer control register 

TMC 

R/W 

X 

X 

— 

OOH 

FFB1H 

Baud rate generator mode register 

BRGM 

R/W 

X 

X 

— 

OOH 

FFB2H 

Prescalar mode register 

PRM 

R/W 

X 

X 

— 

OOH 

FFB 8 H 

Timer output control register 0 

TOCO 

R/W 

X 

X 

— 

OOH 

FFB9H 

Timer output control register 1 

TOC1 

R/W 

X 

X 

— 

OOH 

FFBFH 

Real-time pulse unit mode register 

RPUM 

R/W 

X 

X 

— 

OOH 

FFCOH 

Standby control register 

STBC 

R/W** 

X 

X 

~ 

0000 XOOOB 

FFC1H 

CPU control word 

CCW 

R/W 

X 

X 

— 

OOH 

FFC2H 

Watchdog timer mode register 

WDM 

R/W** 

X 

X 

— 

OOH 

FFC4H 

Memory extension mode register 

MM 

R/W 

X 

X 

— 

OOH 

FFC 6 H 

Programmable wait control register 

PWC 

R/W 

X 

X 

— 

22H 

FFC9H 

Fetch cycle control register 

FCC 

R/W 

X 

X 

— 

OOH 

FFDOH-FFDFH 

External access area 


R/W 

X 

X 

— 

Undefined 

FFEOH 

Interrupt request flag register OL 

IFOL/IFO 

R/W 

X 

X 

X 

OOH 

FFE1H 

Interrupt request flag register OH 

IFOH 

R/W 

X 

X 

— 

OOH 

FFE2H 

Interrupt request flag register 1L 

IF1L/IF1 

R/W 

X 

X 

X 

OOH 
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Table 1. Special Function Registers (cont) 

Access Unit (Bits) 


Address 

Register 

Symbol 

R/W 

1 

8 

16 

State After Reset 

FFE4H 

Interrupt mask flag register OL 

MKOL/ 

MKO 

R/W 

X 

X 

X 

FFH 

FFE5H 

Interrupt mask flag register OH 

MKOH 

R/W 

X 

X 

— 

FFH 

FFE6H 

Interrupt mask flag register 1L 

MK1L/ 

MK1 

R/W 

X 

X 

X 

xxxx xlllB 

FFE8H 

Priority selection buffer register OL 

PBOL/ 

PBO 

R/W 

X 

X 

X 

OOH 

FFE9H 

Priority selection buffer register OH 

PBOH 

R/W 

X 

X 

— 

OOH 

FFEAH 

Priority selection buffer register 1L 

PB1L/ 

PB1 

R/W 

X 

X 

X 

OOH 

FFECH 

Interrupt service mode selection register OL 

ISMOL/ 

ISMO 

R/W 

X 

X 

X 

OOH 

FFEDH 

Interrupt service mode selection register OH 

ISMOH 

R/W 

X 

X 

— 

OOH 

FFEEH 

Interrupt service mode selection register 1L 

ISM1L/ 

ISM1 

R/W 

X 

X 

X 

OOH 

FFFOH 

Context switch enable register OL 

CSEOL/ 

CSEO 

R/W 

X 

X 

X 

OOH 

FFF1H 

Context switch enable register OH 

CSEOH 

R/W 

X 

X 

— 

OOH 

FFF2H 

Context switch enable register 1L 

CSE1L/ 

CSE1 

R/W 

X 

X 

X 

OOH 

FFF4H 

External interrupt mode register 0 

INTMO 

R/W 

X 

X 

— 

OOH 

FFF5H 

External interrupt mode register 1 

INTM1 

R/W 

X 

X 

— 

OOH 

FFF8H 

In-service priority register 

ISPR 

R 

— 

X 

— 

OOH 

FFF9H 

Priority selection register 

PRSL 

R/W 

X 

X 

— 

OOH 


* Lower or upper 16 bits of an 18-bit register. 

** Protected location: special instruction required for write. 
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Input/Output Ports 

The /iPD78322 family has six ports providing a total of 
37 I/O lines. PO, P3, P 8 , and P9 are tri-state input/output 
ports of 8 , 5, 6 , and 2 bits, respectively; each bit can be 
individually selected for input or output. P2 and P7 are 
8 -bit input ports. 

P2 functions only in the control mode as input pins for 
the NMI signal, the INTPO to INTP5 Interrupt signals, 
and the INTP 6 /TI interrupt signal or external count 
clock for timer 1 (Tl). However, any masked interrupt 
automatically becomes an input line and the state of 
all the pins can be read by the program using a read 
instruction to port 2 . Each pin of P 2 can be pro¬ 
grammed for rising, falling, or both rising and falling 
edge detection. 

The output level of the PO, P3, P 8 , and P9 I/O pins can 
be tested to determine whether they agree with the 
contents of the output latch. When the low-order bit of 
port read control register PRDC is set to 1, the output 


level of the I/O pins can be read with the port still In the 
output mode. These data values can be compared with 
the data known to be in the output latch to determine If 
the port is functioning correctly. Figure 3 shows the 
structure of each port pin. 

The /JPD78322/P322 have two additional input/output 
ports, P4 and P5, and two additional I/O pins in P9. All 
these I/O lines are available if external memory or 
memory-mapped external circuitry is not being used. 
Port 4 is shared with the low-order address/data bus 
(ADq to AD7) and is byte-selectable for input or output. 
Port 5 is shared with the high-order address bus (As to 
A 15 ). Depending on the amount of external memory 
used, either 8 , 6 , 4, or 0 bits are available for bit- 
selectable I/O. Port 9 is a 4-bit, bit-selectable I/O port; 
two of its pins are shared with the read and write 
strobes. 
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Figure 3, I/O Circuits 


Typel. EA 


VdD 

Type 5. PO, PSg, P3i, P4, P5, PS, P9 

jj 

-ri~\ It 

^ p-ch 

^ ll 

^ N-ch 

Output Disable-•-1 [ 


Type 2. P2, RESET 


Input Enable - 

Type?. 


INo- 

Schmitt trigger Input with hysteresis characteristics. 


T T 


Comparator 


'^REFCThreshold Voltage) 


Types. WDTO 


Types. P32-P34 



Type 4. ASTB 



Output Disable 


Push-pull output that can be placed In high 
Impedance (both P-ch and N-ch off). 




Types. P7 


Comparator 


'^REF (Threshold Voltage) 
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Real-Time Output Port 

Port 0 can function on a bit-selectable basis as a 
real-time output port. Selected bits can be directly 
written under program control, or they can be set or 
cleared under control of timing signals generated by 
the real-time pulse unit. Timing by the latter method is 
Independent of interrupt latency. 

A/D Converter 

Theanalog-to-digital (A/D) converter (figure 4) uses the 
successive-approximation method for converting up to 
eight multiplexed analog inputs Into 10-bit digital data. 
The conversion time per Input is 18 jjs at I 6 -MH 2 
operation. A/D conversion can be started by an exter¬ 
nal interrupt, INTP5, or under software control. 


The A/D converter can operate In scan mode or select 
mode. In scan mode, inputs AN0-AN3 or AN4-AN7 
can be programmed for conversion. The A/D converter 
selects each of the four Inputs in order, converts the 
data, stores It In the A/D conversion result (ADCR) 
register, and generates an Interrupt (INTAD). This con¬ 
verted data can be easily transferred to memory by the 
macro service function. In select mode, any one of the 
eight A/D inputs can be selected for conversion. 

Once the A/D converter is started by INTP5 or software, 
conversion continues until it is disabled by software. 
The ADCR register Is continually updated and either 
the full 10 bits or only the upper 8 bits of the conversion 
can be read at any time. 


Figure 4, A/D Converter 


ANO 

AN1 

AN2 

AN3 

AN4 

AN5 

AN6 

AN7 



AVref 

AVss 


5b 
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Serial Interface 

The/iPD78322 family has two Independent serial Inter¬ 
faces with a dedicated baud-rate generator. The first Is 
a standard universal asynchronous receiver transmit¬ 
ter (UART). The UART (figure 5) permits full-duplex 
operation and can be programmed for 7 or 8 bits of 
data after the start bit, followed by one or two stop bits. 
Odd, even, zero, or no parity can also be selected. 


Figure 5 . Asynchronous Serial interface 
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The source of the serial clock for the UART is the 
internal system clock (divided by 4) or the on-chip 
baud-rate generator. The UART generates three inter¬ 
rupts: INTST (transmission complete), INTSR (recep¬ 
tion complete), and INTSER (reception error). 

The second interface is an 8-bit clock-synchronized 
serial Interface (figure 6). It can be operated in either 
three-wire serial I/O mode or NEC serial bus interface 
(SBI) mode. 
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In the three-wire serial I/O mode, the 8-bit shift register 
(SIO) Is loaded with a byte of data and eight clock 
pulses are generated. These eight pulses shift the byte 
of data out on the SO line (either MSB or LSB first) and 
in on the SI line, providing full-duplex operation. This 
interface can also be set to receive only or to transmit 
only. The INTCSI Interrupt is generated after each 8-bit 
transfer One of two internal clocks, an external clock, 
or the internal baud-rate generator clocks the data. 

The NEC SBI mode Is a two-wire, high-speed propri¬ 
etary serial interface available on most devices in the 
NEC /iPD75xxx and /iPD78xxx product lines. Devices 
are connected in a master/slave configuration (figure 
7). There is only one master device at a time; all others 
are slaves. The master sends addresses, commands, 
and data over one of the serial bus lines (SBO or 
SB1)usi ng a fixed hardware protocol sysnchronized 
with the SCK line. 


Figure?. SB! Mode Master/Slave Configuration 



Each slave /JPD78322 family can be programmed in 
software to respond to any one of 256 addresses. There 
are also 256 commands and 256 data types. Since all 
commands are user-definable, any software protocol, 
simple or complex, can be defined. It Is even possible 
to develop commands to change a slave into a master 
and the previous master Into a slave. 

A dedicated baud-rate generator can be programmed 
to provide the serial clock to both asynchronous and 
clock-synchronized serial Interfaces. By choosing the 
correct oscillator frequency, the baud-rate generator Is 
capable of generating all of the commonly used baud 
rates from 75 to 19,200 b/s. 

Real-Time Pulse Unit 

The real-time pulse unit (RPU, figure 8) can function as 
an interval timer to measure pulse widths and frequen¬ 
cies, generate pulse-width modulated outputs, count 
external events, and control the real-time output port. It 
consists of 18-bit free-running timer TMO, 16-blt timer/ 
counter TM1, six 16-bit compare registers, four 18-bit 
capture registers, two 18-bit registers (capture or com¬ 
pare), and six timed output latches. 

TMO always counts the internal system clock (divided 
by 4 or 8) and can be reset by an external reset pulse 
only. TM1 can count either the internal system clock 
(divided by 8 or 16) or external events. TM1 can be reset 
by a compare event (a match between a timer and an 
associated compare register) or by an external signal 
in INTPO. 

Capture events can be triggered by external maskable 
interrupts INTPO - INTP5, and compare events can gen¬ 
erate interrupts, control timed output pins, or both. In 
addition. Interrupts INTCM03 and INTCCXO can control 
the real-time output port 

The timed output latches share the six pins of port P8. 
Four latches can be toggled or set and reset by com¬ 
pare events, and the remaining two can be toggled. 
These latches, with the macro service facility, can 
generate up to four pulse-width modulated outputs. 
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Figures. Real-Time Pulse Unit 


TMO 


TM 1 




INTPO 

INTP1 


JNTP3 

INTCCXO 


INTP5 
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Interrupts 

The/iPD78322 family has 19 maskable hardware Inter¬ 
rupt sources: 7 external and 12 internal. The external 
maskable interrupts share pins with port P2. Six of 
them, INTPO to INTP5, can also be used to trigger 

Table 2. Interrupt Sources 

capture events in the real-time pulse unit. In addition, 
there are two nonmaskable interrupts, two software 
interrupts, and RESET. The software Interrupts, gener¬ 
ated by the BRK or BRKCS instruction and the opera¬ 
tion code trap, are not maskable. See table 2. 

Type of 

Default 

Signal 



Macro Service 

Vector Address 

Request 

Priority 

Name 

Source 

Location 

Controi Word 

TPF = 0 

TPF = 1 

Software 

— 

— 

Operation code trap 

CPU 

— 

003CH 


— 

— 

Break instruction 

CPU 

— 

003EH 

Nonmaskable 

— 

NMI 

NMI input pin 

External 

— 

0002H 

8002H 


— 

INTWDT 

Watchdog timer overflow 

Internal 

— 

0004H 

8004H 

Maskable 

0 

INTOV 

Timer 0 overflow 

Internal 

FE06H 

0006H 

8006H 


1 

INTPO 

INTPO pin 

External 

FE08H 

0008H 

8008H 


2 

INTP1 

INTP1 pin 

External 

FEOAH 

OOOAH 

800AH 


3 

INTP2 

INTP2 pin 

External 

FEOCH 

OOOCH 

800CH 


4 

INTP3 

INTP3 pin 

External 

FEOEH 

000EH 

800EH 


5 

INTP4 

INTCCXO 

INTP4 pin 

CCXO coincidence 

External 

Internal 

FE10H 

001 OH 

801 OH 


6 

INTP5 

INTCC01 

INTP5 pin 

CC01 coincidence 

External 

Internal 

FE12H 

0012H 

8012H 


7 

INTP6 

INTP6 pin 

External 

FE14H 

0014H 

8014H 


8 

INTCMOO 

CMOO coincidence 

Internal 

FE16H 

0016H 

8016H 


9 

INTCM01 

CM01 coincidence 

Internal 

FE18H 

0018H 

8018H 


10 

INTCM02 

CM02 coincidence 

Internal 

FE1AH 

001 AH 

801 AH 


11 

INTCM03 

CM03 coincidence 

Internal 

FE1CH 

001 CH 

801 CH 


12 

INTCM10 

CM10 coincidence 

Internal 

FE1EH 

001 EH 

801 EH 


13 

INTCM11 

CM11 coincidence 

Internal 

FE20H 

0020H 

8020H 


14 

INTSER 

Asynchronous serial 
Interface reception error 

Internal 

— 

0022H 

8022H 


15 

INTSR 

End of asynchronous serial Internal 

Interface reception 

FE24H 

0024H 

8024H 


16 

INTST 

End of asynchronous serial Internal 

Interface transmission 

FE26H 

0026H 

8026H 


17 

INTCSI 

End of clocked serial Internal 

Interface transmission/reception 

FE28H 

0028H 

8028H 


18 

INTAD 

End of A/D conversion 

Internal 

FE2AH 

002AH 

802AH 

Reset 

- 

RESET 

RESET pin 

External 

- 

OOOOH 


Interrupt Servicing Interrupt Control Registers 


The /iPD78322 family provides three levels of program¬ 
mable hardware priority control and three different 
methods of handling maskable interrupt requests: 
standard vectoring, context switching, and macro ser¬ 
vice. The programmer can choose the priority and 
mode of servicing each maskable Interrupt by using 
the Interrupt control registers. 


The ^PD78322 family has ten 16-bit interrupt control 
registers. Each bit in each register is dedicated to one 
of the 19 maskable interrupt sources. The Interrupt 
request flag registers (IFO, 1F1) contain an interrupt 
request flag for each interrupt. The interrupt mask 
registers (MKO, MK1) are used to enable or disable any 
interrupt. The interrupt service mode registers (ISMO, 
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ISM1) specify whether an interrupt is processed by 
vectoring or macro service. 

The priority specification buffer registers (PBO, PB1), in 
conjunction with the 8-bit priority specification register 
(PRSL), can be used to specify one of three priority 
levels for each interrupt. The context switching enable 
flag registers (CSEO, CSE1) specify whether an inter¬ 
rupt is processed by vectoring or context switching. 

Two other 8-bit registers are associated with interrupt 
processing. The in-service priority register (ISPR) is 
used by the hardware to hold the priority level of the 
interrupt request currently being serviced. It is manip¬ 
ulated by hardware only, but it can be read by software. 

The IE and LT bits of the program status word (PSW) are 
also used to control interrupts. If the IE bit is zero, all 
maskable interrupts, but not macro service, are dis¬ 
abled. The IE bit can be set or cleared using the El and 
Dl instructions, respectively, or by directly writing to 
the PSW. The IE bit Is cleared each time an Interrupt Is 
accepted. The LT bit Is set by hardware when a newly 
accepted maskable interrupt request is assigned a 
priority higher than the interrupt currently being ser¬ 
viced. The LT flag is used to control resetting the ISPR 
register when a return Instruction from an interrupt 
service routine Is executed. 

Interrupt Priority 

The two nonmaskable interrupts, NMI and WDT, have 
priority over all others. Their priority relative to each 
other is under program control. 

Three hardware-controlled priority levels are available 
for the maskable interrupts. Any one of the three levels 
can be assigned by software to each of the maskable 
Interrupt lines. Interrupt requests of a priority equal to 
or higher than the processor’s current priority level are 
accepted; lower priority requests are held pending until 
the processor’s priority state is lowered by a return 
instruction from the current service routine. 

Interrupt requests programmed to be handled by 
macro service have priority over all software Interrupt 
service regardless of the assigned priority level, and 
macro service requests are accepted even when the 
interrupt enable bit in the PSW is set to the disable 
state. See figure 9. 


The “Default Priorities’’ listed in table 2 are fixed by 
hardware; they are effective only when it is necessary 
to choose between two interrupt requests of the same 
software-assigned priority. For example, the default 
priorities would be used after the completion of a 
high-priority routine if two Interrupts of the same lower 
priority were pending. 

Software interrupts, the BRK and BRKCS Instructions, 
and the operation code trap are executed regardless of 
the processor’s priority level and the state of the IE bit. 
They do not alter the processor’s priority level. 

Figure 9. Interrupt Service Sequence 

Interrupt Request —i— xxMKxx = 1 (Interrupt Masked) Interrupt Pending. 

'— xxMKxx = 0 (Unmasked) 

— xxISMxx = 1 Macro Service. 

— xxISMxx = 0 Software Service. 

— Dl Software Interrupt Pending. 

— El 

— xxCSExx = 0 Vectored Interrupt. 

— xxCSExx = 1 Context Switch. 

8XL-9330A 


Vectored Interrupt 

When vectored interrupt Is specified for a given inter¬ 
rupt request, the program status word and the program 
counter are saved on the stack. The processor’s prior¬ 
ity is raised to that specified for the interrupt, the IE bit 
in the PSW is set to zero, and the routine whose address 
Is In the interrupt vector table is entered. 


5b 


At completion of the service routine, the RETI instruc¬ 
tion (or RETB instruction for software interrupts) re¬ 
verses the process, and the )LiPD78322 family resumes 
the Interrupted routine. 
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Context Switch 

When context switching (figure 10) is specified for a 
given interrupt, the active register bank is changed to 
the register bank specified by the three low-order bits 
of the word in the interrupt vector table. The program 
counter is loaded from RP2 of the new register bank, 
the old program counter and program status word are 
saved in RP2 and RP3 of the new register bank, and the 
IE bit In the PSW Is set to zero. 

At completion of the service routine, the RETCS in¬ 
struction for routines entered from hardware requests, 
or the RETCSB instruction for routines entered from 
the BRKCS instruction, reverse the process. The old 
program counter and program status word are re¬ 
stored from RP2 and RP3 of the new register bank. The 
entry address of the service routine, which must be 
specified in the 16-bit immediate operand of these 
return instructions, is stored again in RP2. 

Macro Service 

When macro service is specified for a given interrupt, 
the macro service hardware temporarily stops the 
executing program and transfers data between the 


special function register area and the memory space. 
Control is then returned to the executing program, 
providing a completely transparent method of Interrupt 
service. Macro Service significantly Improves response 
time and makes it unnecessary to save any registers. 

For each request on the interrupt line, one operation Is 
performed, and an 8-bit counter is decremented. When 
the counter reaches 0 (or when some other completion 
condition Is met), a software service routine Is entered. 
Either vectored interrupt or context switch can be 
specified for entry to this routine, which is known as the 
macro service completion routine, and the routine is 
entered according to the specified priority. 

Macro service Is provided for all of the maskable inter¬ 
rupt requests except INTSER, the asynchronous serial 
interface receive error Interrupt request. Each request 
has a dedicated macro service control word stored In 
on-chip main RAM. The function to be performed Is 
specified In the control word. See table 3. 


Figure 10, Context Switching and Return 
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Table 3, Macro Service Functions 


Control Word 

Function 

EVTCNT 

Event counter. Counts up to 256 events by 
incrementing or decrementing the macro 
service counter. When the counter reaches OOH, 
the software service routine is entered. 

DTACMP 

Data compare. If the value of the special- 
function register requesting macro service 
matches a byte of data, the software service 
routine is entered. This mode can be used to 
detect an address match in SBI mode. 

BITSHT 

Data shift. Shifts the contents of a specified 
special function register one bit to the right 
(toward the LSB). The software service routine 
is entered when a data bit of 1 has been 
shifted out from the LSB. This mode can be 
used to control the real-time output port by 
shifting the values of the real-time output port 
set or reset registers. 

BITLOG 

Bit logic. Performs the logical AND or OR of a 
data byte and the contents of the specified 
special function register, stores the result back 
in the SFR, and enters the software service 
routine. 

ADCBUF 

A/D converter buffering. Stores the contents of 
the A/D conversion result register in a byte or 
word buffer in main RAM (FExxH). When the 
macro service counter reaches 0, A/D 
conversion is stopped but no software service 
routine is entered 

BLKTRS 

Block transfer. Transfers a byte or word of data 
in either direction between a specified special- 
function register and a buffer anywhere in the 
64K-byte address space. 

DTADIF 

Data difference. Stores the difference between 
the current value of a specified 16-bit special- 
function register and its previous value in a 
byte or word buffer in main RAM (FExxH). 

DTADIF-P 

Data difference with memory pointer. Stores the 
difference between the current value of a 
specified special function register and its 
previous value in a byte or word buffer 
anywhere in the 64K-byte address space. 

DTAADD 

Data addition. Stores the sum of a byte or word 
of data and a specified special function register 
in the same or another specified special- 
function register. 


Standby Modes 

The standby modes, HALT and STOP, reduce power 
consumption when CPU action is not required. In HALT 
mode, the CPU is stopped but the system clock con¬ 
tinues to run. The HALT mode is released by any 


nonmaskable interrupt request, unmasked maskable 
interrupt request, or an external reset pulse. In STOP 
mode, both the CPU and the system clock are stopped, 
further minimizing power consumption. The STOP 
mode is released by either an external reset pulse or an 
external NMI. 

The HALT and STOP modes are entered by program¬ 
ming standby control register STBC. This register Is a 
protected location and can be written to only by a 
special instruction. If the third and fourth bytes of the 
Instruction are not complements of each other, the 
data is not written and an operation code trap interrupt 
occurs. 

Watchdog Timer 

The watchdog timer protects against inadvertent pro¬ 
gram loops. A nonmaskable interrupt occurs if the 
timer Is not reset by the program before it o verflow s. At 
the same time, watchdog timer output pin WDT O goes 
active low for a period of 32 sys tem clocks. The WDTO 
can be connected to the RESET pin or used to control 
external circuitry. Three program-selectable intervals 
are available: 8.19, 32.7, and 131.0 ms at 16 MHz. 

Once started, the timer can be stopped only by an 
external reset. Watchdog timer mode register WDM Is 
used to select the time interval, to set the relative 
priority of the watchdog timer interrupt and NMI, and to 
clear the timer. This register is a protected location and 
can be written to only by a special instruction. If the 
third and fourth bytes of the instruction are not com¬ 
plements of each other, the data is not written and an 
operation code trap interrupt occurs. 

External Reset 

The /iPD78322 family is reset by taking the RESET pin 
low. The reset circuit contains a noise filter to protect 
against spurio us syst em resets caused by noise. On 
power-up, the RESET pin must remain low until the 
power supply reaches its operating voltage and the 
oscillator has stabilized. During reset, the program 
counter is loaded with the address contained in the 
reset vector table (addresses OOOOH, 0001H ); prog ram 
execution starts at that ad dress upon the RESET pin 
going high. While RESET Is low, all external lines 
except WDTO, AVref, AVdd, AVss, Vss, Vdd, XI, and X2 
are in the high-impedance state. 
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ELECTRICAL SPECIFICATIONS 


Note: Unless otherwise noted, these specifications apply 
tothe entirejuPD78322 family. Exceptions for extended 
temperature range devices may be singled out In the 
tables by the symbols below. The applicable symbol is 
also Included In the device part number 
Symbol Operating Temperature Range 


()* 

(A) 

(A1) 

{A2) 

* ( ) = no suffix 


-10 to + 70°C (standard) 
-40 to + 85®C (extended) 
-40to + 110®C (extended) 
-40 to + 125®C (extended) 


Absolute Maximum Ratings 

Ta=25°C_ 


Supply voltage, Vqd 

-0.5 to +7.0 V 

Supply voltage, AVdd 

-0.5 to Vdd+0-5 V 

Supply voltage, AVss 

-0.5 to +0.5 V 

Supply voltage, Vpp 

-0.5 to +13.5 V 

Input voltage, V| 

Except P2o/NMI of/iPD78P322 
P2o/NMI of ArPD78P322 

-0.5 to Vdd + 0.5 V 
-0.5 to+13.5 V 

Output voltage, Vq 

-0.5 to Vdd + 0.5 V 

Reference Intput voltage, AVp^p 
(fxx — 1® MHz) 

-0.5 to AVdd +0.3 V 

Output current, low; Iql 

Each output pin 

Total 

4.0 mA 
90 mA 

Output current, high; Iqh 

Each output pin 

Total 

-1.0 mA 
-20 mA (A) devices 

Operating temperature, Tqpt 
( ) devices 
(A) devices 
(A1) devices 
(A2) devices 

-10 to +70°C 
-40 to +85°C 
-40 to +110°C 
-40 to +125°C 

Storage temperature, Tqjg 

-65 to +150°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma¬ 
nent damage. The device should be operated within the limits 
specified under DC and AC characteristics. 


Recommended Operating Conditions 


Device 

Ta 

Vdd 

Oscillator 
Freq. fxx 

/iPD78320/322 

-10 to +70°C 

+5.0 V ±10% 

8 to 16 MHz 

pPD78P322 

-10 to +70°C 

+ 5.0 V ±5% 


(A) devices 

-40 to +85°C 

+5.0 V ±10% 


(A1) devices 

-40 to +110°C 

+ 5.0 V±10% 

8 to 12 MHz 

(A2) devices 

-40 to +125^0 



Capacitance 

Ta= 25°C:Vdd= Vss= OV 

Parameter 

Symbol Max 

Unit Conditions 

Input pin 
capacitance 

C, 20t 

pF f = 1 MHz; 

unmeasured pins 

Output pin 
capacitance 

Co 20 

_ returned to 0 V 

pF 

I/O pin 
capacitance 

o 

o 

pF 



t C| = 10 pF on (A), (A1), and (A2) devices. 
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Oscillator Characteristics 

Vdd “ +6V ±10% (±5%for/vPD78P322); Vss = 0 V 

Devices and their ratings are defined earlier by symbols ( ), (A), (A1), and (A2) 


Oscillator 

Parameter 

Symbol 

Min 

Max 

Unit 

Conditions 

Ceramic or cystal resonator 

Oscillation frequency 

^XX 

8 

16 

12t 

MHz 


External clock input at X1 

Frequency 

fx 

8 

16 

12t 

MHz 



Rise time, fall time 

tXR. tXF 

0 

20 

ns 



Low-level, high-level width 

^WXL- *WXH 

25 

46t 

80 

loot 

ns 


t Applicable to (A1) and (A2) devices. 






Recommended Oscillator Circuits 







A. Resonator Circuit 


Crystal Resonator 


Manufacturer 

Part No. 

C1,C2 

Klnsekl Co. Ltd. 

HC49/U-S 
or HC49/U 

10 pF 



Mount resonator as close as possible to pins X1 and X2. 
Do not place other signal lines in shaded area. 

B. Externai Ciock Circuit 




83CL-9331B 
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DC Characteristics 

Vdd = +S.0 V ±10% (±5% for ArPD78P32a); Vss = 0 V 

Devices and their ratings are defined earlier by symbols ( ), (A), (A1), and (A2) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Input voltage, low 

VlL 

0 


0.8 

V 


Input voltage, high 

V|H1 

2.2 



V 

(Note 1) 


V|H2 

0.8 Vdd 



V 

(Note 2) 

Output voltage, low 

VoL 



0.45 

V 

Iql = 2.0 mA 

Output voltage, high 

VOH 

p 

i 

Q 

O 

> 



V 

Iqh = -400 a/A 

Input leakage current 

III 



±10 

fjA 

V| = 0 to Vdd 

Output leakage current 

'lo 



±10 

A/A 

il 

o 

o 

< 

o 

o 

VpD supply current 

>DD1 


40 

65 

mA 

Operating mode 


•dD2 


20 

35 

45 (Note 3) 

mA 

HALT mode 

Data retention voltage 

Vdddr 

2.5 



V 

STOP mode 

Data retention current 

•dddr 


2 

10 

100 (Note 3) 

A/A 

STOP mode; Vqddr = 2.5 V 




10 

50 

1000 (Note 3) 

A/A 

STOP mode; VpoDR = 5.0 V ±10% (±5% for 
A/PD78P322) 

Notes: 

(1) All except pins in Note 2. 



(3) Applicable to (A1) and (A2) devices. 


(2) Pins RESET. X1, X2, P2n, INTPn, NMI, Tl, PSg/SBO/SO, PSg/SBI/ 

SI, P 34 /SCK. 

AC Characteristics 

VoD = +5.0 V ±10% (±5% for ;uPD78P322); Vss = 0 V 

Devices and their ratings are defined earlier by symbols ( ), (A), (A1), and (A2) 


( ) and (A) (A1) and (A2) 


Parameter 

Symbol 

Min 

Max 

Min 

Max 

Unit 

Conditions 

External Memory Read/Write Operation 

System clock cycle time 

tCYK 

125 

250 

166 

250 

ns 

tcYK equals twice the period of the crystal or 
external clock input. 

Address setup time to ASTB 1 

tSAST 

32 


43 


ns 

^CYK = 125 ns 

Address hold time after ASTB i 

^HSTA 

32 


53 


ns 


Address to RD i delay time 

♦dar 

85 


126 


ns 


RD i to address floating 

tpRA 


0 


0 

ns 


Address to data input 

^DAID 


222 


326 

ns 


RD i to data input 

tpRIDI 


112 


174 

ns 


ASTB i to ^ i delay time 

^DSTR 

42 


63 


ns 


Data hold time from RD t 

^HRID 

0 


0 


ns 


RD t to address active 

tpRA 

50 () 
37(A) 


58 


ns 


RD width low 

%RL 

157 


219 (A1) 
209 (A2) 


ns 


ASTB width, high 

tWSTH 

37 


58 


ns 


Address to WR i delay time 

tpAW 

85 


126 


ns 


ASTB A to data output 

toSTOD 


102 


123 

ns 
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AC Characteristics (cont) 



( ) and (A) 

(A1) and (A2) 



Parameter 

Symbol 

Min Max 

Min 

Max 

Unit 

Conditions 

Externa! Memory Read/Write Operation (cont) 

WR 1 to data output 

^DWOD 

40 


40 

ns 

^CYK = 125 ns 

ASTB i to WR 1 delay 

^DSTW 

42 

63 


ns 


Data setup time to WR t 

<SODW 

147 

204 


ns 


Data hold time after WR t 

^HWOD 

32 

53 


ns 


WR width, low 

twWL 

157 

209 


ns 


WR t to ASTB delay time 

tOWST 

42 

63 


ns 


Serial Port Operation 

SCK cycle time 

tCYSK 

1000 

1328 


ns 

SCK output 



1000 

1328 


ns 

SCK input 

SCK width low 

twSKL 

420 

584 


ns 

SCK output 



420 

584 


ns 

SCK input 

SCK width high 

tWSKH 

420 

584 


ns 

SCK output 



420 

584 


ns 

SCK input 

SI setup time to SCK 

tSRXSK 

80 

80 


ns 


SI hold time after SCK t 

^HSKRX 

80 

80 


ns 


SCK 1 to SO delay time 

^DSKTX 

210 


210 

ns 

R = 1 kO; C = 100 pF 

Other Operations 

NMI high/low-level width 

tWNIH. %NIL 

5 



/iS 


INTPO high/low-level width 

tWIOH. tWIOL 

8 



*CYK 


INTP1 high/low-level width 

%I1H< %I1L 

8 



^CYK 


INTP2 high/low-level width 

fWI2H. %I2L 

8 



^CYK 


INTP3 high/low-level width 

fWI3H. %I3L 

8 



^CYK 


INTP4 high/low-level width 

%I4H- %I4L 

8 



^CYK 


INTP5 high/low-level width 

fWISH. fWISL 

8 



fCYK 


INTP6 high/low-level width 

fwi6H- ■twieL 

8 



fcYK 


RESET high/low-level width 

fWRSH. fWRSL 

5 



ps 


Tl high/low-level width 

fWTIH. VriL 

8 



fCYK 

During TM1 even-counter mode 
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Timing Dependent on tpYK _ Timing Dependent on tcvK (cont) 

Symbol Calculation Formula Min/Max Unit Symboi Caicuiation Formula Min/Max Unit 


tOAID 

(2.5 + n)T - 90 

Max 

ns 

^AR 

T-40 

Min 

ns 

^DAW 

T-40 

Min 

ns 

^DRA 

0.5T- 12 ( ) 

0.5T-25 (A) (A1) (A2) 

Min 

ns 

tORIDI 

(1.5 + n)T-75 

Max 

ns 

tDSTOD 

0.5T+ 40 

Max 

ns 

tDSTR 

0.5T - 20 

Min 

ns 

^DSTW 

0.5T - 20 

Min 

ns 

^DWST 

0.5T - 20 

Min 

ns 

toWOD 

0.5T- 11 

Min 

ns 

^HSTA 

0.5T - 30 

Min 

ns 

^HWOD 

0.5T - 30 

Min 

ns 

tSAST 

0.5T - 30 ( ) (A) 

0.5T-40 (A1) (A2) 

Min 

ns 

tSODW 

1.5T-40 ( ) (A) 

0.5T-45 (A1) (A2) 

Max 

ns 

tWRL 

(1.5 + n)T - 30 

Min 

ns 


%STH 

0.5T - 25 

Min 

ns 

twWL 

(1.5 + n)T - 30 ( ) (A) 

(1.5 + n)T-40 (A1) 

(A2) 

Min 

ns 

VlOH. tWIOL 

8T 

Min 

ns 

twnH. twin 

8T 

Min 

ns 

twi2H. twi2L 

8T 

Min 

ns 

twi3H. twi3L 

8T 

Min 

ns 

twi4H. twi4L 

8T 

Min 

ns 

twiSH. twiSL 

8T 

Min 

ns 

twi6H. twi6L 

8T 

Min 

ns 

twTIH> twTIL 

8T 

Min 

ns 


Notes: 

(1) n is the number of wait cycles specified by the PWC register. 

(2) T = tcYK ('^s) 

(3) Devices and their T/^ ratings are defined earlier by symbols ( ), 
(A), (A1), and (A2) 


A/D Converter Characteristics 

Vdd = +5 V ±10% (±5% for/7PD78P322); AVss = Vss = 0 V; AVqd = (VpD “ 0.5 V) to Vqd 
D evices and their ratings are defined earlier by symbols ( ), (A), (A1), and (A2) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Resolution 


10 



Bit 


Relative accuracy* 




±0.4 ( ) 

±0.3 (A) (A1) (A2) 

% t 

AVref = 4.5 V to AVdd 





±0.7 ( ) 

±0.3 (A) (A1) (A2) 

% t 

AVREF = 3.4 V to AVdd 

Quantization error 




±1/2 

LSB 


Conversion time 

tcONV 

144 



tCYK 


Sampling time 

tSAMP 

24 



tCYK 


Zero-scale error* 



±1.5 

±2.5 

LSB 

AVref = 4.5 V to AVdd 




±1.5 

±4.5 

LSB 

AVref = 3.4 V to AVdd 

Full-scale error* 



±1.5 

±2.5 

LSB 

AVref = 4.5 V to AVdd 




±1.5 

±4.5 

LSB 

AVref = 3.4 V to AVdd 

Nonlinearity error* 



±1.5 

±2.5 

LSB 

AVref = 4.5 V to AVdd 




±1.5 

±4.5 

LSB 

AVref = 3.4 V to AVdd 

Analog input voltage 

V|AN 

-0.3 


AVref + 0-3 

V 


Reference voltage 

AVref 

3.4 or 4.5 


AVdd 

V 


AVreP current 

aIref 


1.0 

3.0 

mA 


AVdd power current 

AIdD 


2.0 

6.0 

mA 
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A/D Converter Characteristics (cont) 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

A/D converter data 
retention current 

AIdDR 


2 

10 ( ) (A) 

100 (A1) (A2) 

/jA 

STOP mode; AVddr = 
2.5 V 




10 

50 ( ) (A) 

1000 (A1) (A2) 

fiA 

STOP mode; AVqdr ~ 

5 V ±10% (±5% for 
/JPD78P322) 

Analog input 

Ran 


10 


MQ 

Nonsampling 

impedance 






Sampling 


* Does not include quantization error 
t Unit is percent of full-scale range (FSR) 


A/D Converter Input Circuit 
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Timing Waveforms 
AC Timing Test Points 




^ 0.8 Vdd or 2.2 V ^ 

, 0.8 V J 

K 



83CL-d14gA 


Read Operation 
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Timing Waveforms (cont) 
Write Operation 
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Timing Waveforms (cont) 

Serial Port Operation 



<-tCYSK- > 



< -tWSKL- > 

<--tWSKH-> 



SCK ^ \ 

^ _7^ 



,_/ 
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PROM PROGRAMMING 

The PROM in the/iPD78P322 is one-time programmable 
(OTP) or ultraviolet erasable (UV EPROM). The 16,384 x 
8-bit PROM has the programming characteristics of an 
NEC /iPD27C256A. Table 3 shows the functions of the 
/iPD78P322 pins in normal operating mode and PROM 
programming mode. 

PROM Programming Mode 

When the RESET pin Is set high and AVdd is set low, the 
/iPD78P322 enters the PROM programming mode. Op- 
eration in this mode is determined by the setting of the 
CE, OE, Vpp, and Vdd pins as indicated in table 4. 


Table 3. Pin Functions During PROM 
_ Programming _ 


Function 

Normal Operating 
Mode 

Programming 

Mode 

Address input 

POq - PO 7 , P 80 , P2o, 
P 81 - P 87 

Aq - Ai4 

Data input 

P4o - P 47 

Do - D 7 

Chip enable/ 
program pulse 

P3i 

CE 

Output enable 

0 

CO 

D_ 

OE 

Program voltage 

Vpp 

Vpp 

Mode voltage 

RESET, AVdd 

RESET, AVdd 


Table 4, Operation Modes For Programming _ 

Mode _ RESET _ AVpp _CE_OE_Vpp_Vpp_ Dp - D 7 _ 

Program write H L L H +12.5 V +6.0 V Data input 

Program verify H L H L +12.5 V +6.0 V Data output 

Program inhibit H L H H +12.5 V +6.0 V High impedance 

Read H L L L +5.0 V +5.0 V Data output 

Ouput disable H L L H +5.0V +5.0 V High impedance 

H L H L/H +5.0 V +5.0 V High impedance 


Standby 






PPD78322 Family 


NEC 





AIPD78322 Family 


Figure 12. Pin Functions in /iPD78P322 PROM Programming Mode; 80-Pin QFP or LCC 







JIIPD78322 Family 


PROM Write Procedure 

Data can be written to the PROM by the following 

procedure. 

( 1 ) Set the pins not used for program ming as indi¬ 
cate^ figure 11 or 12. Set RESET high and AVdd 
low. CE and OE should be high. 

(2) Supply +6.0 V to Vdd P»n and +12.5 V to Vpp pin. 

(3) Provide initial address to pins Aq - A 14 . 

(4) Provide write data. 

(5) Input a 1 -ms program pulse (active low) to CE pin. 

( 6 ) Use verify mode (pulse OE low) to test data. If data 
has been written, proceed to step 8 ; if not, repeat 
steps 4-6. If data cannot be written in 25 attempts, 
go to step 7. 

(7) Classify PROM as defective and cease write oper¬ 
ation. 

( 8 ) Perform one additional write with a program pulse 
width (in ms) equal to 3 times the number of writes 
performed in step 5. 

(9) Increment address. 

(10) Repeat steps 4-9 until last address Is pro¬ 
grammed. 


PROM Read Procedure 

The contents of the PROM can be read out to the 
external data bus (Do - D7) by the following procedure. 

( 1 ) Set the pins not used for prog ramming as indicated 
in fi gure 11 or 12. Set RESET high and AVdd low. CE 
and OE should be active high. 

(2) Supply +5 V to Vdd Pio and Vpp pin. 

(3) Input address of data to be read to pins Aq - A 14 . 

(4) Put an active-low pulse on CE and OE pins. 

(5) Data is output to pins Dq - D7. 

Program Erasure 

The UV EPROM can be erased by exposing the window 
to light having a wavelength shorter than 400 nm, 
including ultraviolet, direct sunlight, and fluorescent 
light. To prevent unintentional erasure, mask the win¬ 
dow. 

Typically, data is erased by 254-nm ultraviolet rays. A 
minimum lighting level of 15 Ws/cm2 (ultraviolet ray 
Intensity x exposure time) is required to completely 
erase the written data. Erasure by an ultraviolet lamp 
rated at 12,000/iW/cm2 takes 15 to 20 minutes. Remove 
any filter on the lamp and place the device within 2.5 cm 
of the lamp tubes. 
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DC Programming Characteristics 

Ta = 25 ±5°C; Vss = 0 V 

Parameter 

Symbol Symbol (Note 1) Min 

Typ Max 

Unit 

Condition 

High-level input voltage 

V|H 

VlH 

2.2 

Vddp + 

0.3 V 


Low-level input voltage 

VlL 

ViL 

-0.3 

0.8 

V 


Input leakage current 

•lip 

•li 


±10 


0 < V| < Vddp (Note 2) 

High-level output voltage 

VOH 

VoH 

2.4 


V 

Iqh = -400 fjA 

Low-level output voltage 

Vol 

Vol 


0.45 

V 

Iql = 2.0 mA 

A9 pin input current 

•a9 

— 


±10 

/iA 

A9 (P2o/NMI) 

Output leakage current 

•lo 

— 


10 

A/A 

0 < Vq ^ Vddp. oe = Vm 

PROG pin high-voltage input current 

•ip 

— 


±10 

/yA 


Vddp power supply voltage 

Vddp 

Vdd 

5.75 

6.0 6.25 

V 

Program memory write mode 




4.5 

5.0 5.5 

V 


Vpp power supply voltage 

Vpp 

Vpp 

12.2 

12.5 12.8 

V 






Vpp = Vddp 

V 


Vddp power supply current 

•dd 

•dd 


10 30 

mA 






10 30 

mA 

Program memory read mode 
CE = V,L, V| = V|H 

Vpp power supply current 

•pp 

•pp 


10 30 

mA 

Program memory write mode 
CE = V,L. OE = V,H 





1 100 

A/A 

Program memory read mode 

Notes: 

(1) Corresponding symbols for the pPD27C256A 


(2) Vddp i® Vdd during programming 

AC Programming Characteristics 

Ta = 25 ±5°C: Vss = 0 V 






Parameter 

Symbol 

Symbol (Note 1) 

Min 

Typ Max Unit Condition 

Address setup time to CE 1 

%AC 


^AS 

2 


/ys 

Data to to OE ^ delay time 

^DDOO 


tOES 

2 


/ys 

Input data setup time to CE i 

tsIDC 


<DS 

2 


Afs 

Address hold time after CE t 

^HCA 


Uh 

2 


/ys 

Input data hold time after CE t 

^HCID 


^DH 

2 


/us 

Output data hold time after OE t 

^HOOD 


<DF 

0 

130 

1 ns 

Vpp setup time before CE i 

tsVPC 


typs 

2 


/ys 

Vddp sofup time before CE i 

tSVDC 


tVDS 

2 


/is 

Initial program pulse width 

%L1 


tpw 

0.95 

1.0 1.05 ms 

Additional program pulse width 

tWL2 


bPW 

2.85 

78.75 ms 

Address to data output time 

^DAOD 


Ucc 


2 

-j 

> 

II 

liu 

lo 

<n 

OE i to data output time 

^DOOD 




1 

/ys 

Data hold time after OE i 

<HCOD 


^DF 

0 

130 

1 ns 

Data hold time after address not valid 

^HAOD 


^OH 

0 


ns OE = V|L 


Notes: 

(1) Corresponding symbols for the /L/PD27C256A. 


5b 
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INSTRUCTION SET 

The jL/PD78322 family instruction set features 8- and 
16-bit data transfer, arithmetic, and logic instructions 
and single-bit manipulation instructions. String manip¬ 
ulation instructions are also included. Branch instruc¬ 
tions exist to test individual bits In the program status 
word, the 16-blt accumulator, the special function reg¬ 
isters, and the saddr portion of on-chip RAM. Instruc¬ 
tions range in length from 1 to 6 bytes depending on the 
instruction and addressing mode. 


Flag Column Indicators 


Symbol 

Action 

(blank) 

No change 

0 

Set to 0 

1 

Set to 1 

X 

Set or cleared according to result 

P 

P/V indicates parity of result 

V 

P/V indicates arithmetic overflow 

R 

Restored from saved PSW 

Instruction Set Symbols 

Symbol 

Definition 

r 

RO, R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11, 

R12, R13, R14, R15 

r1 

RO, R1, R2, R3, R4, R5, R6, R7 

r2 

C, B 

rp 

RPO, RP1, RP2, RP3, RP4, RP5, RP6, RP7* 

rp1 

RPO, RP1, RP2, RP3, RP4, RP5, RP6, RP7* 

rp2 

DE, HL, VP, UP 

sfr 

Special function register, 8 bits 

sfrp 

Special function register, 16 bits 

post 

RPO, RP1, RP2, RP3, RP4, RP5/PSW, RP6, RP7. Bits 
set to 1 indicate register pairs to be pushed/ 
popped to/from stack; RP5 pushed/popped by 
PUSH/POP, SP is stack pointer; PSW pushed/ 
popped by PUSHU/POPU, RP5 is stack pointer. 

mem 

Register indirect: [DE], [HL], [DE+], [HL+], [DE-], 
[HL-], [VP], [UP] 

Base Index Mode: [DE+A], [HL+A], [DE+B], 

[HL+ B], [VP+ DE], [VP+ HL] 
Base Mode: [DE+byte], [HL+byte], [VP+byte], 
[UP+ byte], [SP+ byte] 

Index Mode: word [A], word [B], word [DE], word 
[HL] 

saddr 

FE20-FF1FH: Immediate byte addresses one byte 
in RAM, or label 

saddrp 

FE20-FF1FH: Immediate byte (bit 0=0) addresses 
one word in RAM, or label 


Instruction Set Symbols (cont) 


Symbol 

Definition 

word 

16 bits of immediate data or label 

byte 

8 bits of immediate data or label 

jdisp8 

8-bit two’s complement displacement (immediate 
data displacement value -128 to -f-127) 

bit 

3 bits of immediate data (bit position in byte), or 
label 

n 

3 bits of immediate data 

!addr16 

16-bit absolute address specified by an immediate 
address or label 

$addr16 

Relative branch address or label 

addrie 

16-bit address 

laddril 

11-bit immediate address or label 

addril 

0800H-0FFFH: 0800H + (11-bit immediate 
address), or label 

addrS 

0040H-007EH: 0040H -1- 2 X (5-bit immediate 
address), or label 

A 

A register (8-bit accumulator) 

X 

X register 

B 

B register 

C 

C register 

D 

D register 

E 

E register 

H 

H register 

L 

L register 

R0-R15 

Register 0 to register 15 

AX 

Register pair AX (16-bit accumulator) 

BC 

Register pair BC 

DE 

Register pair DE 

HL 

Register pair HL 

RPO- 

RP7 

Register pair 0 to register pair 7 

PC 

Program counter 

SP 

Stack pointer 

UP 

User stack pointer (RP5) 

PSW 

Program status word 

PSWH 

High-order 8 bits of PSW 

PSWL 

Low-order 8 bits of PSW 

CY 

Carry flag 

AC 

Auxiliary carry flag 

Z 

Zero flag 

P/V 

Parity/overflow flag 

s 

Sign flag 


TPF Table position flag 
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Instruction Set Symbols (cont) 


Symbol 

Definition 

RBS 

Register bank select flag 

RSS 

Register set select flag 

IE 

Interrupt enable flag 

STBC 

Standby control register 

WDM 

Watchdog timer mode register 

( ) Contents of the location whose address Is within 

parentheses; (+) and (-) indicate that the address 
is incremented after or decremented after it is 
used 

(0) 

Contents of the memory location defined by the 
quantity within the sets of parentheses 

xxH 

Hexadecimal quantity 

Xh. Xl 

High-order 8 bits and low-order 8 bits of X 


* rp and rpl describe the same registers but generate different 
machine code. 



41 




PPD78322 Family 


Instruction Set 

Mnemonic Operand 

Operation 

Bytes 

S 

z 

Flags 

AC 

P/V 

CY 

8-Bit Data Transfer 

MOV r1, #byte 

r1 byte 

2 






saddr, #byte 

(saddr) byte 

3 






sfr, #byte (Note 1) 

sfr <*- byte 

3 






r, r1 

r r1 

2 






A, r1 

A-«-r1 

1 






A, saddr 

A *- (saddr) 

2 






saddr, A 

(saddr) A 

2 






saddr, saddr 

(saddr) (saddr) 

3 






A, sfr 

A sfr 

2 






sfr, A 

sfr <- A 

2 






A, mem (Note 2) 

A ♦- (mem) 

1 






A, mem 

A (mem) 

2-4 






mem, A (Note 2) 

(mem) <- A 

1 






mem, A 

(mem) ♦- A 

2-4 






A, [saddrp] 

A ((saddrp)) 

2 






[saddrp], A 

((saddrp)) <- A 

2 






A, !addr16 

A <- (addr16) 

4 






!addr16, A 

(addr16) A 

4 






PSWL, #byte 

PSWL ♦- byte 

3 

X 

X 

X 

X 

X 

PSWH, #byte 

PSWH — byte 

3 






PSWL, A 

PSWL<- A 

2 

X 

X 

X 

X 

X 

PSWH, A 

PSWH A 

2 






A, PSWL 

A <- PSWL 

2 






A, PSWH 

A ^ PSWH 

2 






XCH A, r1 

A-H-rl 

1 






r, r1 

r r1 

2 






A, mem 

A (mem) 

2-4 






A, saddr 

A (saddr) 

2 






A, sfr 

A sfr 

3 






A, [saddrp] 

A ♦♦ ((saddrp)) 

2 






saddr, saddr 

(saddr) (saddr) 

3 






16-Bit Data Transfer 

MOVW rp1, #word 

rpl word 

3 






saddrp, #word 

(saddrp) word 

4 






sfrp, #word 

sfrp *- word 

4 






rp, rp1 

rp rp1 

2 






AX, saddrp 

AX (saddrp) 

2 






saddrp, AX 

(saddrp) AX 

2 






saddrp, saddrp 

(saddrp) *- (saddrp) 

3 
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Instruction Set (cont) 

Mnemonic Operand 

Operation 

Bytes 

S 

z 

Fiags 

AC 

P/V 

CY 

16‘Bit Data Transfer (cont) 

MOVW AX, sfrp 

AX <- sfrp 

2 






sfrp, AX 

sfrp -H- AX 

2 






rp1, !addr16 

rp1 ♦- (addr16) 

4 






!addr16, rp1 

(addr16) <- rp1 

4 






AX, mem 

AX ♦- (mem) 

2-4 






mem, AX 

(mem) AX 

2-4 






XCHW AX, saddrp 

AX (saddrp) 

2 






AX, sfrp 

AX -w-sfrp 

3 






saddrp, saddrp 

(saddrp) (saddrp) 

3 






rp, rp1 

rp rp1 

2 






AX, mem 

AX (mem) 

2-4 






8-Bit Arithmetic 

ADD A, #byte 

A, CY A + byte 

2 

X 

X 

X 

V 

X 

saddr, #byte 

(saddr), CY <- (saddr) + byte 

3 

X 

X 

X 

V 

X 

sfr, #byte 

sfr, CY sfr + byte 

4 

X 

X 

X 

V 

X 

r, r1 

r, CY ^ r + r1 

2 

X 

X 

X 

V 

X 

A, saddr 

A,CY^A+ (saddr) 

2 

X 

X 

X 

V 

X 

A, sfr 

A, CY<- A + sfr 

3 

X 

X 

X 

V 

X 

saddr, saddr 

(saddr), CY <- (saddr) + (saddr) 

3 

X 

X 

X 

V 

X 

A, mem 

A, CY A + (mem) 

2-4 

X 

X 

X 

V 

X 

mem, A 

(mem), CY (mem) + A 

2-4 

X 

X 

X 

V 

X 

ADDC A, #byte 

A, CY-^A + byte + CY 

2 

X 

X 

X 

V 

X 

saddr, #byte 

(saddr), CY •*- (saddr) + byte + CY 

3 

X 

X 

X 

V 

X 

sfr, #byte 

sfr, CY <- sfr + byte 4- CY 

4 

X 

X 

X 

V 

X 

r, r1 

r, CY ^ r + r1 + CY 

2 

X 

X 

X 

V 

X 

A, saddr 

A, CY«-A + (saddr) + CY 

2 

X 

X 

X 

V 

X 

A, sfr 

A, CY<-A + sfr + CY 

3 

X 

X 

X 

V 

X 

saddr, saddr 

(saddr), CY (saddr) + (saddr) + CY 

3 

X 

X 

X 

V 

X 

A, mem 

A, CY<-A + (mem) + CY 

2-4 

X 

X 

X 

V 

X 

mem, A 

(mem), CY <- (mem) + A + CY 

2-4 

X 

X 

X 

V 

X 

SUB A, #byte 

A, CY^A-byte 

2 

X 

X 

X 

V 

X 

saddr, #byte 

(saddr), CY <- (saddr) - byte 

3 

X 

X 

X 

V 

X 

sfr, #byte 

sfr, CY sfr - byte 

4 

X 

X 

X 

V 

X 

r, r1 

r, CY <- r - r1 

2 

X 

X 

X 

V 

X 

A, saddr 

A, CY A - (saddr) 

2 

X 

X 

X 

V 

X 

A, sfr 

1 

< 

>- 

o 

< 

3 

X 

X 

X 

v 

X 

saddr, saddr 

(saddr), CY •*- (saddr) - (saddr) 

3 

X 

X 

X 

V 

X 

A, mem 

A, CY •«- A - (mem) 

2-4 

X 

X 

X 

V 

X 

mem, A 

(mem), CY (mem) - A 

2-4 

X 

X 

X 

V 

X 


5b 
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Instruction Set (cont) 

Mnemonic 

Operand 

Operation 

Bytes 

S 

z 

Flags 

AC 

P/V 

CY 

8‘Bit Arithmetic (cont) 

SUBC 

A, #byte 

A, CY ^ A - byte - CY 

2 

X 

X 

X 

V 

X 


saddr, #byte 

(saddr), CY (saddr) - byte - CY 

3 

X 

X 

X 

V 

X 


sfr, #byte 

sfr, CY ^ sfr - byte - CY 

4 

X 

X 

X 

V 

X 


r, r1 

o 

■< 

t 

I 

I 

o 

-< 

2 

X 

X 

X 

V 

X 


A, saddr 

A, CY A - (saddr) - CY 

2 

X 

X 

X 

V 

X 


A, sfr 

A, CY^A-sfr-CY 

3 

X 

X 

X 

V 

X 


saddr, saddr 

(saddr), CY (saddr) - (saddr) - CY 

3 

X 

X 

X 

V 

X 


A, mem 

A, CY ^ A - (mem) - CY 

2-4 

X 

X 

X 

V 

X 


mem, A 

(mem), CY (mem) - A - CY 

2-4 

X 

X 

X 

V 

X 

8~Bit Logic 

AND 

A, #byte 

A ♦- A A byte 

2 

X 

X 


p 



saddr, #byte 

(saddr) (saddr) A byte 

3 

X 

X 


p 



sfr, #byte 

sfr <- sfr A byte 

4 

X 

X 


p 



r, r1 

r r A r1 

2 

X 

X 


p 



A, saddr 

A^ A A (saddr) 

2 

X 

X 


p 



A, sfr 

A«- A A sfr 

3 

X 

X 


p 



saddr, saddr 

(saddr)(saddr) A (saddr) 

3 

X 

X 


p 



A, mem 

A <- A A (mem) 

2-4 

X 

X 


p 



mem, A 

(mem) <- (mem) A A 

2-4 

X 

X 


p 


OR 

A, #byte 

A <- A V byte 

2 

X 

X 


p 



saddr, #byte 

(saddr) (saddr) V byte 

3 

X 

X 


p 



sfr, #byte 

sfr sfr V byte 

4 

X 

X 


p 



r, r1 

r r V r1 

2 

X 

X 


p 



A,saddr 

A ^ A V (saddr) 

2 

X 

X 


p 



A, sfr 

A <- A V sfr 

3 

X 

X 


p 



saddr, saddr 

(saddr) <- (saddr) V (saddr) 

3 

X 

X 


p 



A, mem 

A <- A V (mem) 

2-4 

X 

X 


p 



mem, A 

(mem) «- (mem) V A 

2-4 

X 

X 


p 


XOR 

A, #byte 

A A V byte 

2 

X 

X 


p 



saddr, #byte 

(saddr) (saddr) V byte 

3 

X 

X 


p 



sfr, #byte 

sfr •«- sfr V byte 

4 

X 

X 


p 



r, r1 

r-rVr1 

2 

X 

X 


p 



A, saddr 

A *- A V- (saddr) 

2 

X 

X 


p 



A, sfr 

A <*- A V sfr 

3 

X 

X 


p 



saddr, saddr 

(saddr)(saddr) V (saddr) 

3 

X 

X 


p 



A, mem 

A *- A V" (mem) 

2-4 

X 

X 


p 



mem, A 

(mem) (mem) V A 

2-4 

X 

X 


p 
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Instruction Set (cont) 






Flags 



Mnemonic Operand 

Operation 

Bytes 

S 

z 

AC 

P/V 

CY 

8~Bit Logic (cont) 

CMP A, #byte 

A - byte 

2 

X 

X 

X 

V 

X 

saddr, #byte 

(saddr) - byte 

3 

X 

X 

X 

V 

X 

sfr, #byte 

sfr - byte 

4 

X 

X 

X 

V 

X 

r, r1 

r- r1 

2 

X 

X 

X 

V 

X 

A, saddr 

A - (saddr) 

2 

X 

X 

X 

V 

X 

A, sfr 

A - sfr 

3 

X 

X 

X 

V 

X 

saddr, saddr 

(saddr) - (saddr) 

3 

X 

X 

X 

V 

X 

A, mem 

A - (mem) 

2-4 

X 

X 

X 

V 

X 

mem, A 

(mem) - A 

2-4 

X 

X 

X 

V 

X 

16~Bit Arithmetic 

ADDW AX. #word 

AX, CY ^ AX + word 

3 

X 

X 

X 

V 

X 

saddrp, #word 

(saddrp), CY <- (saddrp) + word 

4 

X 

X 

X 

V 

X 

sfrp, #word 

sfrp, CY <- sfrp + word 

5 

X 

X 

X 

V 

X 

rp, rp1 

rp, CY ^ rp + rp1 

2 

X 

X 

X 

V 

X 

AX, saddrp 

AX, CY ^ AX 4- (saddrp) 

2 

X 

X 

X 

V 

X 

AX, sfrp 

AX, CY AX + sfrp 

3 

X 

X 

X 

V 

X 

saddrp, saddrp 

(saddrp), CY (saddrp) + (saddrp) 

3 

X 

X 

X 

V 

X 

SUBW AX, #word 

AX, CY ^ AX - word 

3 

X 

X 

X 

V 

X 

saddrp, #word 

(saddrp), CY (saddrp) - word 

4 

X 

X 

X 

V 

X 

sfrp, #word 

sfrp, CY sfrp - word 

5 

X 

X 

X 

V 

X 

rp, rpl 

rp, CY rp - rpl 

2 

X 

X 

X 

V 

X 

AX, saddrp 

AX, CY ^ AX - (saddrp) 

2 

X 

X 

X 

V 

X 

AX, sfrp 

AX, CY^ AX-sfrp 

3 

X 

X 

X 

V 

X 

saddrp, saddrp 

(saddrp), CY <- (saddrp) - (saddrp) 

3 

X 

X 

X 

V 

X 

CMPW AX, #word 

AX - word 

3 

X 

X 

X 

V 

X 

saddrp, #word 

(saddrp) - word 

4 

X 

X 

X 

V 

X 

sfrp, #word 

sfrp - word 

5 

X 

X 

X 

V 

X 

rp, rp1 

rp - rp1 

2 

X 

X 

X 

V 

X 

AX, saddrp 

AX - (saddrp) 

2 

X 

X 

X 

V 

X 

AX, sfrp 

AX - sfrp 

3 

X 

X 

X 

V 

X 

saddrp, saddrp 

(saddrp) - (saddrp) 

3 

X 

X 

X 

V 

X 

Multipiication/Di vision 

MULU r1 

AX ^ A X r1 

2 






DIVUW r1 

AX (quotient), r1 (remainder) -^AX r1 

2 






MULUW rp1 

AX (high-order 16 bits), rpl (low-order 16 bits) 

^ AX X rpl 

2 






DIVUX rp1 

AXDE (quotient), rpl (remainder) •*-AXDE rpl 

2 






MULW rp1 

(Note 3) 

AX (high-order 16 bits), rpl (low-order 16 
bits) AX X rpl 

2 







5b 
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fiPD78322 Family 


Instruction Set (cont) 

Mnemonic 

Operand 

Operation 

Bytes 

S 

z 

Flags 

AC 

P/V 

CY 

Increment/Decrement 

INC 

r1 

r1 r1 + 1 

1 

X 

X 

X 

V 



saddr 

(saddr) (saddr) + 1 

2 

X 

X 

X 

V 


DEC 

r1 

r1 ^ r1 - 1 

1 

X 

X 

X 

V 



saddr 

(saddr) (saddr) - 1 

2 

X 

X 

X 

V 


INCW 

rp2 

rp2 <- rp2 + 1 

1 







saddrp 

(saddrp) •*- (saddrp) + 1 

3 






DECW 

rp2 

rp2 ♦- rp2 - 1 

1 







saddrp 

(saddrp) ^ (saddrp) - 1 

3 






Shift/Rotate 

ROR 

r1, n 

(CY, rl 7 •*- r1o, r1m-i rim) ^ times 

2 




p 

X 

ROL 

r1, n 

(CY, r1o My, r1m+ 1 rim) X n 

2 




p 

X 

RORC 

r1, n 

(CY Mq, My CY, r1m-i <- M^) x n times 

2 




p 

X 

ROLC 

r1, n 

(CY <- r1y, r1o CY r1m +1 ♦- rim) X n limes 

2 




p 

X 

SHR 

r1, n 

(CY «- r1o, riy <- 0, rl^-i rl^) x n times 

2 

X 

X 

0 

p 

X 

SHL 

r1, n 

(CY ♦- riy, r1o <- 0, r1m +1 rl^) x n times 

2 

X 

X 

0 

p 

X 

SHRW 

rp1, n 

(CY rp1o, rp1i5 0, rpl^-i rplj x n times 

2 

X 

X 

0 

p 

X 

SHLW 

rp1, n 

(CY <- rp1 15 , rp1 0 <- 0, rp1 m +1 rp1 m) x n times 

2 

X 

X 

0 

p 

X 

ROR4 

Erp1] 

^3-0*" (rp 1 ) 3 -o> (rp 1 ) 7 - 4 *“ A 3 . 0 . 

2 








(rp1)3_o <- (rp1)7_4 







ROL4 

[rp1] 

^ 3 - 0 *“ (rp 1 ) 7 - 4 » ('’Pl) 3 - 0 A 3 _o, 

2 








(rp1)y_4<- (rp1)3_o 







BCD Adjustment 

ADJBA 


Decimal adjust accumulator after add 

2 

X 

X 

X 

p 

X 

ADJBS 


Decimal adjust accumulator after subtract 

2 

X 

X 

X 

p 

X 

Data Expansion 

CVTBW 


X A, A0_o <- Ay 

1 






Bit Manipuiation 

MOV1 

CY, saddr.bit 

CY (saddr.bit) 

3 





X 


CY, sfrbit 

CY <- sfr.bit 

3 





X 


CY, A.bit 

CY A.bit 

2 





X 


CY, X.bit 

CY ^ X.bit 

2 





X 


CY, PSWH.bit 

CY PSWH.bit 

2 





X 


CY, PSWLbit 

CY ^ PSWLbit 

2 





X 


saddr.bit, CY 

(saddr.bit) CY 

3 







sfr.bit, CY 

sfr.bit CY 

3 







A.bit, CY 

> 

t 

0 

-< 

2 







X.bit, CY 

X.bit «-CY 

2 







PSWH.bit, CY 

PSWH.bit-^CY 

2 







PSWLbit, CY 

PSWLbit <-CY 

2 

X 

X 

X 

X 
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PPD78322 Family 


Instruction Set (cont) 

Mnemonic Operand 

Operation 

Bytes 

S Z 

Flags 

AC PAf 

CY 

Bit Manipulation (cont) 

AND1 CY, saddrbit 

CY <- CY A (saddrbit) 

3 



X 

CY, /saddrbit 

CY <- CY A (saddrbit) 

3 



X 

CY, sfrbit 

CY CY A sfrbit 

3 



X 

CY, /sfrbit 

CY CY A ifJ^bR 

3 



X 

CY, A.bit 

CY - CY A A.bit 

2 



X 

CY, /A.bit 

CY ^ CY A aWx 

2 



X 

CY, X.bit 

CY <- CY A X.bit 

2 



X 

CY, /X.bit 

CY CY A )rbit 

2 



X 

CY, PSWH.bit 

CY - CY A PSWH.bit 

2 



X 

CY, /PSWH.bit 

CY CY A PSWH.bit 

2 



X 

CY, PSWLbit 

CY««-CY A PSWLbit 

2 



X 

CY, /PSWLbit 

CY^CY A PSWLbit 

2 



X 

OR1 CY, saddrbit 

CY ^ CY V (saddrbit) 

3 



X 

CY, /saddrbit 

CY CY V (saddrbit) 

3 



X 

CY, sfrbit 

CY CY V sfrbit 

3 



X 

CY, /sfrbit 

CY <- CY V ifrbit 

3 



X 

CY, A.bit 

CY CY V A.bit 

2 



X 

CY, /A.bit 

CY CY V aM 

2 



X 

CY, X.bit 

CY CY V X.bit 

2 



X 

CY, /X.bit 

CY ^ CY V KbTt 

2 



X 

CY, PSWH.bit 

CY CY V PSWH.bit 

2 



X 

CY, /PSWH.bit 

CY <- CY V PSWH.bit 

2 



X 

CY, PSWLbit 

CY<-CYV PSWLbit 

2 



X 

CY, /PSWLbit 

CY CY V PSWLbit 

2 



X 

XOR1 CY, saddrbit 

Cy<-CyV (saddrbit) 

3 



X 

CY, sfrbit 

CY <- CY V sfrbit 

3 



X 

CY, A.blt 

CY<-CY VA.bit 

2 



X 

CY, X.bit 

CY<-CYY X.bit 

2 



X 

CY, PSWH.bit 

CY CY V PSWH.bit 

2 



X 

CY, PSWLbit 

CY*«-CYV PSWLbit 

2 



X 

SET1 saddrbit 

(saddrbit) •«- 1 

2 




sfrbit 

sfrbit •*- 1 

3 




A.bit 

> 

t 

2 




X.bit 

X.bit <- 1 

2 




PSWH.bit 

PSWH.bit ^ 1 

2 




PSWLbit 

PSWLbit->-1 

2 

X X 

X X 

X 






jifPD78322 Family 


Instruction Set (cont) 







Flags 



Mnemonic 

Operand 

Operation 

Bytes 

S 

Z 

AC 

P/V 

CY 

Bit Manipulation (cont) 

CLR1 

saddr.bit 

(saddr.bit) 0 

2 







sfr.bit 

sfr.bit ♦- 0 

3 







A.bit 

A.bit«- 0 

2 







X.bit 

X.bit <-0 

2 







PSWH.bit 

PSWH.bit-^0 

2 







PSWLbit 

PSWLbit <-0 

2 

X 

X 

X 

X 

X 

NOT1 

saddr.bit 

(saddr.bit) «- (saddrbit) 

3 







sfr.bit 

sfr.bit •«- sfr.bit 

3 







A.bit 

A.bit <- A.bit 

2 







X.bit 

X.bit <-)^t 

2 







PSWH.bit 

PSWH.bit <-PSWH.bit 

2 







PSWLbit 

PSWLbit ^PSWLbit 

2 

X 

X 

X 

X 

X 

SET1 

CY 

CY^ 1 

1 





1 

CLR1 

CY 

CY*-0 

1 





0 

NOT1 

CY 

CY<-^ 

1 





X 

Subroutine Linkage 

CALL 

!addr16 

(SP-1) - (PC + 3)h, (SP - 2) - (PC + 3)l, 

PC addr16, SP — SP - 2 

3 







rp1 

(SP-1) ^ (PC + 2)h, (SP -2)*- (PC + 2)l, 

PC|-| rpl PCl *— rpl L, SP *— SP — 2 

2 







[rp1] 

(SP-1) ^ (PC + 2)h, (SP -2)<^ (PC + 2)i, 

PCh ^ (rpl + 1), PCl (rpl), SP <- SP - 2 

2 






CALLF 

!addr11 

(SP-1) 4- (PC + 2)h, (SP -2)*- (PC + 2)l, 

PCi 5 _ii <- 00001, PC^o-o addril, SP <- SP - 2 

2 






CALLT 

[addrS] 

(SP-1) *- (PC + 1)h, (SP - 2) «- (PC + 1)l, 

PCh (TPFxSOOOH + 2 x addrS + 41H), 

PCl (TPFxSOOOH + 2 x addrS + 40H), SP 

SP-2 

1 






BRK 


(SP-1) 4 - PSWH, (SP - 2) 4 - PSWL, (SP - 
3)-(PC+ Dh, (SP-4)*- (PC+ 1)l. 

PCl 4- (003EH), PCh (003FH), SP 4- SP - 4, 

IE 4-0 

1 






RET 


PCl 4- (SP), PCh ^ (SP + 1), SP 4- SP + 2 

1 






RETB 


PCl<- (SP), PCh - (SP + 1), PSWL 4 - (SP + 2), 
PSWH - (SP + 3), SP — SP + 4 

1 

R 

R 

R 

R 

R 

RETl 


PCl 4- (SP), PCh - (SP + 1), PSWL 4- (SP + 2), 
PSWH 4- (SP + 3), SP 4- SP + 4 

1 

R 

R 

R 

R 

R 

Stack Manipuiation 

PUSH 

sfrp 

(SP -1)4- sfrn. (SP - 2 ) 4- sfrL, SP 4- SP - 2 

3 







post 

{(SP - 1 ) 4 - rppH, (SP - 2) 4- rppL, SP 4- SP - 2} x 
n (Note 5) 

2 







PSW 

(SP - 1 ) 4 - PSWH, (SP - 2) 4- PSWL, SP 4- SP - 2 

1 
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Instruction Set (cont) _ 

Flags 


Mnemonic 

Operand 

Operation 

Bytes 

S 

Z AC 

P/V 

CY 

Stack Manipuiation (cont) 

PUSHU 

post 

{(UP - 1) ^ rppH, (UP - 2) -t- rppL, UP UP - 2} x 
n (Note 5) 

2 





POP 

sfrp 

sfrL <- (SP), sfrH (SP + 1), SP SP + 2 

3 






post 

{rppL (SP), rppH (SP + 1), SP SP + 2} x n 
(Note 5) 

2 






PSW 

PSWL ^ (SP), PSWH (SP + 1), SP ^ SP + 2 

1 

R 

R R 

R 

R 

POPU 

post 

{rppL ^ (UP), rppH ^ (UP + 1), UP««- UP + 2} x n 
(Note 5) 

2 





MOVW 

SP, #word 

SP ■«- word 

4 






SR AX 

SP^ AX 

2 






AX, SP 

AX*-SP 

2 





INCW 

SP 

SP ^ SP + 1 

2 





DECW 

SP 

SP ^ SP - 1 

2 





Pin Level Test 

CHKL 

sfr 

(Pin level) V (internal signal level) 

3 

X 

X 

P 


CHKLA 

sfr 

A ^ (Pin level) V (internal signal level) 

3 

X 

X 

P 


Unconditional Branch 

BR 

!acldr16 

PC addr16 

3 






rp1 

PCh rplH, PCl«- rplL 

2 






[rp1] 

PCH-(rp1 + 1), PCL-(rpl) 

2 






$addr16 

PC PC + 2 + jdispS 

2 





Conditional Branch 

BC, BL 

$addr16 

PC ^ PC + 2 + jdispS if CY = 1 

2 





BNC, BNL 

$addr16 

PC ^ PC + 2 + jdispS if CY = 0 

2 





BZ, BE 

$addr16 

PC ^ PC + 2 + jdispS if Z = 1 

2 





BNZ, BNE 

$addr16 

PC ^ PC + 2 + jdispS if Z = 0 

2 





BV, BPE 

$addr16 

PC ^ PC + 2 + jdispS if P/V = 1 

2 





BNV, BPO 

$addr16 

PC ^ PC + 2 + jdispS if P/V = 0 

2 





BN 

$addr16 

PC ^ PC + 2 + jdispS if S = 1 

2 





BP 

$addr16 

PC ^ PC + 2 + jdispS if S = 0 

2 





BGT 

$addr16 

PC PC + 3 + jdispS if (P/V V S ) V Z = 0 

3 





BGE 

$addr16 

PC ^ PC + 3 + jdispS if P/V V S = 0 

3 





BLT 

$addr16 

PC ^ PC + 3 + jdispS if P/V V S = 1 

3 





BLE 

$addr16 

PC ^ PC + 3 + jdispS If (P/V V S) V Z = 1 

3 





BH 

$addr16 

PC ^ PC + 3 + jdispS if Z V CY = 0 

3 





BNH 

$addr16 

PC ^ PC + 3 + jdispS If Z V CY = 1 

3 






5b 
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Instruction Set (cont) 







Flags 



Mnemonic 

Operand 

Operation 

Bytes 

S 

Z 

AC 

P/V 

CY 

Conditional Branch (cont) 

BT 

saddr.bit, $addr16 

PC ♦- PC + 3 + ]disp8 If (saddr.bit) = 1 

3 







sfnbit, $addr16 

PC «- PC + 4 + jdlspS if sfnbit = 1 

4 







A.bit, $addr16 

PC •«- PC + 3 + jdlspS If A.bit = 1 

3 







X.bit, $addr16 

PC PC + 3 + jdlspS if X.bit = 1 

3 







PSWH.bit, $addr16 

PC PC + 3 + jdlspS if PSWH.bit = 1 

3 







PSWLbit, $addr16 

PC PC + 3 + jdlspS if PSWLbit = 1 

3 






BF 

saddr.bit, $addr16 

PC >«- PC + 4 + jdispS if (saddr.bit) = 0 

4 







sfr.bit, $addr16 

PC <- PC + 4 + jdispS If sfnbit = 0 

4 







A.bit, $addr16 

PC PC + 3 + jdispS if A.bit = 0 

3 







X.bit, $addr16 

PC PC + 3 + jdispS if X.bit = 0 

3 







PSWH.bit, $addr16 

PC <- PC + 3 + jdispS if PSWH.bit = 0 

3 







PSWLbit, $addr16 

PC ^ PC + 3 + jdispS if PSWLbit = 0 

3 






BTCLR 

saddr.bit, $addr16 

PC PC + 4 + jdlspS if (saddr.bit) = 1 then reset 
(saddr.bit) 

4 







sfr.bit, $addr16 

PC <- PC + 4 + jdispS if sfr.bit = 1 then reset 
sfr.bit 

4 







A.bit, $addr16 

PC •<- PC + 3 + jdispS if A.bit = 1 then reset A.bit 

3 







X.bit, $addr16 

PC <- PC -1- 3 + jdispS if X.bit = 1 then reset X.bit 

3 







PSWH.bit, $addr16 

PC <- PC + 3 + jdispS If PSWH.bit = 1 then reset 
PSWH.bit 

3 







PSWLbit, $addr16 

PC <- PC + 3 + jdlspS if PSWLbit = 1 then reset 
PSWLbit 

3 

X 

X 

X 

X 

X 

BFSET 

saddr.bit, $addr16 

PC PC + 4 + jdispS if (saddr.bit) = 0 then set 
(saddr.bit) 

4 







sfr.bit, $addr16 

PC PC + 4 + jdispS if sfr.bit = 0 then set sfr.bit 

4 







A.bit, $addr16 

PC ♦- PC + 3 + jdispS if A.bit = 0 then set A.bit 

3 







X.bit, $addr16 

PC <- PC + 3 + jdispS If X.bit = 0 then set X.bit 

3 







PSWH.bit, $addr16 

PC ^ PC + 3 + jdispS if PSWH.bit = 0 then set 
PSWH.bit 

3 







PSWLbit, $addr16 

PC <- PC + 3 + jdispS if PSWLbit = 0 then set 
PSWLbit 

3 

X 

X 

X 

X 

X 

DBNZ 

r2, $addr16 

r2 r2 - 1, then PC PC + 2 + jdispS if (r2) 0 

2 







saddr, $addr16 

(saddr) <- (saddr) - 1, then PC <*-- PC + 3 + jdispS 
if (saddr) 5^ 0 

3 






Context Switching 

BRKCS 

RBn 

RBSa-o - n, PCh R5, PCl R4, R7 PSWH, 

R6 - PSWL, RSS 0, IE 0 

2 






RETCS 

!addr16 

PCh*^ R5, PCl R4, R5-*- addrlSn, 

R4 addrlSL, PSWH R7, PSWL R6 (priority 
change) 

3 

R 

R 

R 

R 

R 

RETCSB 

!addr16 

PCh-«- R5, PCl R4, R5<-addr16H, 

R4 - addrlSL, PSWH - R7, PSWL - R6 
(no priority change) 

4 

R 

R 

R 

R 

R 
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Instruction Set (cont) 

Mnemonic 

Operand 

Operation 

Bytes 

S 

z 

Flags 

AC 

P/V 

CY 

String Manipulation 

MOVM 

[DE+], A 

(DE+) <- A, C <- C-1 End if C = 0 

2 







[DE-]. A 

(DE-) A, C — C-1 End if C = 0 

2 






MOVBK 

[DE+]. [HL+] 

(DE+) ^ (HL+), C ^ C-1 End if C = 0 

2 







[DE-]. [HL-] 

(DE-) (HL-), C ^ C-1 End if C = 0 

2 






XCHM 

[DE+], A 

(DE+) «* A, C <- C-1 End if C = 0 

2 







[DE-], A 

(DE-) A, C - C-1 End if C = 0 

2 






XCHBK 

[DE+], [HL+] 

(DE+) ^ (HL+), C ^ C-1 End if C = 0 

2 







[DE-], [HL-] 

(DE-) ^ (HL-), C ^ C-1 End if C = 0 

2 






CMPME 

[DE+], A 

(DE+) - A, C ^ C-1 End if C = 0 or Z = 0 

2 

X 

X 

X 

V 

X 


[DE-], A 

(DE-) - A, C ^ C-1 End if C = 0 or Z = 0 

2 

X 

X 

X 

V 

X 

CMPBKE 

[DE+], [HL+1] 

(DE+) - (HL+), C ^ C-1 End if C = 0 or Z - 0 

2 

X 

X 

X 

V 

X 


[DE-], [HL-] 

(DE-) - (HL-), C ^ C-1 End if C = 0 or Z = 0 

2 

X 

X 

X 

V 

X 

CMPMNE 

[DE+], A 

(DE+) - A, C ^ C-1 End if C = 0 or Z = 1 

2 

X 

X 

X 

V 

X 


[DE-]. A 

(DE-) - A, C <- C-1 End if C = 0 or Z = 1 

2 

X 

X 

X 

V 

X 

CMPBKNE 

[DE+], [HL+] 

(DE+) - (HL+), C ^ C-1 End if C = 0 or Z = 1 

2 

X 

X 

X 

V 

X 


[DE-], [HL-] 

(DE-) - (HL-), C ^ C-1 End if C = 0 or Z = 1 

2 

X 

X 

X 

V 

X 

CMPMC 

[DE+], A 

(DE+) - A, C ^ C-1 End if C = 0 or CY = 0 

2 

X 

X 

X 

V 

X 


[DE-], A 

(DE-) - A, C ^ C-1 End if C = 0 or CY = 0 

2 

X 

X 

X 

V 

X 

CMPBKC 

[DE+], [HL+1] 

(DE+)-(HL+), C<-C-1 End if C = 0 or CY = 0 

2 

X 

X 

X 

V 

X 


[DE-], [HL-] 

(DE-) - (HL-), C ^ C-1 End if C = 0 or CY = 0 

2 

X 

X 

X 

V 

X 

CMPMNC 

[DE+], A 

(DE+) - A. C ^ C-1 End if C = 0 or CY = 1 

2 

X 

X 

X 

V 

X 


[DE-], A 

(DE-) - A, C ^ C-1 End if C = 0 or CY = 1 

2 

X 

X 

X 

V 

X 

CMPBKNC 

[DE+], [HL+] 

(DE+) - (HL+), C ^ C-1 End if C = 0 or CY = 1 

2 

X 

X 

X 

V 

X 


[DE-], [HL-] 

(DE-) - (HL-), 0 ^ C-1 End if C = 0 or CY = 1 

2 

X 

X 

X 

V 

X 

CPU Controi 

MOV 

STBC, #byte 

STBC byte (Note 6) 

4 







WDM, #byte 

WDM <- byte (Note 6) 

4 






SWRS 


RSS^R^ 

1 






SEL 

RBn 

RBS 2.0 RSS ♦- 0 

2 







RBn, ALT 

RBS 2.0 n, RSS <— 1 

2 






NOP 


No operation 

1 






El 


IE <- 1 (Enable interrupt) 

1 






Dl 


IE <- 0 (Disable interrupt) 

1 
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NEC 


Instruction Set (cont) 


Notes: 

(1) A special Instruction is used to write to STBC and WDM. 

(2) One byte move instruction when [DE], [HL], [DE+], [DE-], 
[HL+], or [HL-] is specified for mem. 

(3) 16-bit signed multiply instruction 

(4) Addressing range is OFEOOH to OFEFFH. 

(5) rpp refers to register pairs specified in post byte, "n" is the 
number of register pairs specified in post byte. 

(6) Trap If data bytes in operation code are not one’s complement. If 
trap, then: 

(SP-1) PSWH, (SP-2) PSWL, (SP-3) (PC- 4 )h, 

(SP-4) (PC-4)l, PCl^ (003CH), PCh ^ (003DH). 

SP <- SP-4, IE — 0. 
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/WPD78352 Family 

|\|EC (JLIPD78350/352A/P352) 

NEC Electronics Inc. 16-/8-Bit, K-Series Microcontrollers 

With Real-Time Output Ports 

September 1993 


Description 

The JL/PD78350, pPD78352A, and ^PD78P352 are mem¬ 
bers of the K-Series® of microcontrollers. These 16-/8- 
bit microcontrollers—with a minimum instruction time 
of 125 ns at 32 MHz (160 ns at 25 MHz for the 
/;PD78350)—are designed for high-speed, real-time 
process control. They feature a 16-bit CPU, an 8-bit 
external data bus, eight banks of main registers, an 
advanced interrupt handling facility, and a powerful set 
of memory-mapped on-chip peripherals. A 16-blt mul¬ 
tiply and accumulate instruction provides hardware 
convolution capability. On-board memory includes 640 
bytes of RAM, 32K bytes of mask ROM in the 
pPD78352A, and 32K bytes of UV EPROM or one-time 
programmable (OTP) ROM in the jL/PD78P352. 

The advanced interrupt handling facility has four levels 
of programmable hardware-priority control and three 
methods of servicing interrupt requests, including vec¬ 
toring, hardware context switching, and macro ser¬ 
vice. The macro service facility reduces the CPU over¬ 
head involved in servicing peripheral interrupts by 
transferring data between the memory-mapped spe¬ 
cial function registers (SFRs) and memory without the 
use of time consuming interrupt service routines. In 
addition, the macro service facility can be used to 
perform certain CPU functions, such as event counting 
and math-oriented data alterations. 

The combination of high-speed hardware convolution 
capability and context switching, eight register banks, 
and the macro service facility makes these devices 
ideal for applications in the hard-disk drive and tape 
drive markets as well as the automotive and industrial 
control/robotics markets. 

K-Series is a registered trademark of NEC Electronics Inc. 

Features 

□ Complete single-chip microcontroller 

— 16-bit ALU 

— 640 bytes of RAM 

— 32K bytes of mask ROM 0 l;PD78352A) 

— 32K bytes of UV EPROM or OTP ROM 
0LfPD78P352) 

□ Powerful instruction set 

— 16-blt unsigned and signed multiply 

— 16-bit unsigned divide 

— 16-bit multiply and accumulate instruction 

— 1-bit and 8-bit logic instructions 
— String instructions 


□ Minimum instruction time 

—160 ns at 25 MHz OuPD78350) 

—125 ns at 32 MHz (pPD78352A/P352) 

□ 5-byte instruction prefetch queue 

□ Memory expansion 

— 8085 bus-compatible 

— 64K-byte address space 

□ Large I/O capacity 

— Up to 30 I/O port lines OLiPD78350) 

— Up to 50 I/O port lines ^PD78352A/P352) 

□ Memory-mapped, on-chip peripherals 
(special function registers) 


□ Timer/counter unit 

— 16-bit free-running timer: 

Two 16-bit capture registers; 

Two external interrupt/capture lines 

— 16-bit timer/event counter: 

One 16-bit compare register; 

One external event counter line 

— 16-bit interval timer: 

One 16-bit compare register 

□ Two 8-bit precision pulse-width modulated (PWM) 
output lines 

□ Programmable priority interrupt controller (four 
levels) 

□ Three methods of Interrupt service 

— Vectored interrupts 

— Context switching with hardware register bank 
switch 

— Macro service mode with choice of five different 
functions 



□ Watchdog timer with dedicated output 

□ STOP and HALT standby functions 

□ Single 5-volt power supply 
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Ordering Information 

Part Number 

ROM 

Package 

Package Drawing 

/iPD78350GC-3BE 

ROMiess 

64-pin plastic QFP (3.0-mm height) 

P64GC-80-3BE 

/iPD78352AG-xxx-22 

32K mask ROM 

64-pin plastic QFP (1.7-mm height) 

P64G-80-22-1 

/JPD78P352G-22 

32K OTP ROM 



/iPD78P352KK 

32K UV EPROM 

64-pin ceramic LCC with window 

X80KW-80B 


XXX indicates ROM code suffix. 


Pin Configurations 

64-Pin Plastic QFP (fiPD78350) 
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Pin Configurations (cont) 

64-Pin Plastic QFP and Ceramic LCC 0iPD78352A/P352) 


15 |Q - ^ ® „ 6 

^^OTaMlOU>U>lOlOlO|PiO^ 

a.Q.>QL<a.Q.a.a.aLQ.QLa.QL 

■a.j:LQ,.GJxa,D-n„G..n.n n,n.n 


WDTO 

Vdd 

M0DE1 

Vdd 

CLKOUT 

MOOEO 

X2 

X1 

vss 

RESET 

P2(/NMi 

P2i/INTP0 

P22^INTP1 

P 23 ^INTP 2 

P24/INTP3 

P 25 m 


n n 

C5 

<0 CO 

c 1 o 

i: 2 
C 3 
C 4 
C 5 

C 6 

C 7 

C 8 
C 9 
C 10 
C 11 
C 12 
C 13 
C 14 


O) 00 N <0 to 


15 


q 16 


ioa>Keoo>OT-eM 
wcMcxMCMCoeoeo 

.tJTr''D"''U"iT''iJ"LraTJ"LJ □"tj”d ■o-o™n"- 

s>Q.a.Q.Q.Q.Q.Q.auo.a.Q.a.a.Q. 


OL 0. 


48 3 P^QfAOQ 
47 □ P45^AD5 
46 □ P44/AD4 
45 □ P43^AD3 
44 □ P42^AD2 
43 □ P4i/ADi 
42 □ P4(/ADo 
41 □ PO7 
40 □ POe 
39 □ PO5 
38 □ PO4 
37 □ PO3 
36 □ Vdd 
35 □ PO 2 
34 □ PO1 
33 □ POo 
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Pin Functions; Normai Operating Mode 

Symbol 

Function 

Alternate Symbol 

Alternate Function 

PO 0 -PO 7 

Port 0; 8 -bit, bit-selectable I/O port 



PI 0 -PI 7 

Port 1; 8 -bit, bit-selectable I/O port 



P2o 

Port 2; 6 -bit Input port 

NMI 

External nonmaskable interrupt 

P 2 i 


INTPO 

Maskable external interrupts 

P 22 


INTP1 


P23 


INTP2 


P24 


INTP3 


P25 


Tl 

External input for timer 1 

P3o 

Port 3; 8 -bit, bit-selectable I/O port 

PWMO 

Pulse-width modulated outputs 

P3i 


PWM1 


P32 - PSy 




P4o-P47 

Port 4; byte-selectable I/O port (ijPD78352A/ 

ADq - AD 7 

Low-order 8 bits of the multiplexed external 


P352) 


address/data bus 

P5o-P57 

Port 5; bit-selectable I/O port I//PD78352A/P352) 

As - Ai5 

High-order 8 bits of the external address bus 

P90 

Port 9; 4-blt, bit-selectable I/O port 

RD 

External read strobe output 

P9i 

(juPD78352A/P352). For 78350, P9o functions as 

RD and PO^ functions as WR signals only. P 92 

WR 

External write strobe output 




P92 

and P 93 are not provided for 78350, 

IC 

Internally connected; must be left open 

P93 


IC 

(^PD78350). 

ASTB 

Address strobe output; used to latch address for 
external memory. 



CLKOUT 

Output of the system clock 



IC 

Internally connected; must be left open. 



MODEO 

Connect to VpD for/iPD78350 and /vPD78P352 
in programing mode. Connect to Vss ^^r normal 
operation of ^PD78352A/P352. 

The level of this pin cannot be changed during 
normal operation. 



MODE 1 

Always connect to Vss- The level of this pin 
cannot be changed during normal operation. 



RESET 

External system reset input 



mrf 

A low-level input adds wait states to the 
external bus cycle; used by very-slow memory 
and/or peripherals (only for 78352A/P352). 



WDTO 

Open-drain output from the watchdog timer 



X1 

Crystal connection or external clock input 



X2 

Crystal connection or open for external clock 



Vqd 

+5-volt power input 



Vss 

Ground 




4 







iiiPD78352 Family 


Block Diagram 


Execution 


ecu 


P2{/NMI 

P2i/INTP0 

P22/INTP1 

P23/INTP2 

P24/INTP3 


P 25 m 


P3o/PWMO 

P3i/PWM1 


WDTO 



PO0-PO7 PI0-PI7 P2(rP25 


P30-P37 P40-P47 P5o-P57 P9o-P93^ 


HPD78352A/P352 


32K bytes mask ROM on tiPD78352A; 

32K bytes UV EPROM or OTP ROM on |xPD78P352. 


83CL-9145B 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit 

The central processing unit (CPU) of the juPD78352 
family features 16-bit arithmetic including 16 x 16-bit 
multiply, both unsigned and signed, and 32 x 16-bit 
unsigned divide (producing a 32-bit quotient and a 
16-bit remainder). The signed multiply executes in 1.12 
fjs and the divide in 3.44 fjs at 25 MHz (0.875 and 2.69 
fjs, respectively, for ^PD78352A/P352 at 32 MHz). 

Also, a multiply-and-accumulate instruction, “MACW 
n,” performs a signed multiply on factors from a pair of 
tables and sums the results in the 32-bit register AXDE. 
The total execution time for 10 terms is 17.2 /is at 25 
MHz for the /iPD78350 and 13.44 jjs at 32 MHz for the 
jLiPD78352A/P352. 

A CALLT vector table and a CALLF area decrease the 
number of bytes In the call instructions for commonly 
used subroutines. A l-byte call instruction can access 
up to 32 subroutines through their addresses in the 
CALLT vector table. A 2-byte cal I instruction can access 
any routine beginning in a specific CALLF area. 

The Internal system clock (fciK) is generated by divid¬ 
ing the oscillator frequency by 2. Therefore, at the 
maximum oscillator frequency of 25 MHz for the 
/iPD78350, the clock is 12.5 MHz. Since instructions 
execute in two or more cycles, the minimum instruction 
time is 160 ns. For the /JPD78352A/P352 running at 32 
MHz, the clock Is 16 MHz and the minimum instruction 
time is 125 ns. 

Internal RAM 

The ^PD78352 family has total of 640 bytes of internal 
FIAM. The upper 256-byte area (FEOOH-FEFFH) features 
high-speed access of one or two internal system clocks 
per word of data depending on the addressing mode 
and is known as “Main RAM.” The remainder (FC80H- 
FDFFH) Is accessed at the same speed as external 
memory (1 byte per three internal system clocks) and Is 
known as “Peripheral RAM.” The general register banks 
and the macro service control words are stored In Main 
RAM. The remainder of Main RAM and any unused 
register bank locations are available for general stor¬ 
age. 


Main RAM Access Speed 


Access Mode 

Internal System Clocks (fcLK) 

Memory access 

2 

Saddr access 

1 

Register access 

1 


Internal Program Memory 

The /iPD78352A contains 32K bytes of mask ROM; 
jLiPD78P352 contains 32K bytes of UV EPROM or one¬ 
time programmable ROM. Instructions are fetched from 
this program memory at a maximum rate of 1 byte 
every two internal system clocks. The fjPD78350 does 
not have internal program memory. 

External Memory 

The j^PD78352 family has a 64K-byte address space. 
The/iPD78352A/P352 can access 0, 256, 4K. 16K, or 32K 
bytes of external memory in the area from 8000H to 
FDFFH. External memory can be either ROM, RAM, or 
peripheral as required. The )i/PD78352A/P352 has an 
8-blt wide external data bus and a 16-blt wide external 
address bus. The low-order 8 bits of the address bus 
are multiplexed to provide the 8-bit data bus at I/O port 
4. 

High-order address bits are taken from port 5 as re¬ 
quired. Address latch, read, and write strobes are also 
provided. In the /L/PD78352A/P352, the memory mode 
register (MM) controls the size of the external memory 
It can be programmed to use 0, 4, 6, or 8 bits from port 
5 for the high-order address. Any remaining port 5 bits 
can be used for I/O. 

The /iPD78350 does not have ports 4 and 5. It has eight 
dedicated high-order address lines and eight dedi¬ 
cated address/data lines. All memory below address 
FC80H must be external, and the MM register is not 
used. 

The programmable wait control register (PWC) allows 
the programmer to specify one or two additional wait 
states if they are required for slow-speed memory or 
external peripheral devices. These wait states for Inter¬ 
nal and external memory are specified independently 
in 16K-bl ocks. If additional wait states are required, an 
external WAIT pin is provided. 

In addition, by using the AWO and AW1 bits of the PWC 
register, the width of the ASTB signal can be increased 
by one cycle to allow more precharge time for dynamic 
RAMs or more address decoding time. This address 
wait signal can be enabled in 32K-byte blocks. See 
figure 1. 
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Figure 1. Programmed Wait Control Register 


15 







8 

7 







0 

AW1 

AWO 

0 

0 

0 

0 

0 

0 

PWC7 

PWC6 

_I 

PWC5 

PWC4 

PWC3 

PWC2 

_1 

PWC1 

_1 

PWCO 


16K Memory Block 

Wait Control Register Bits 

Wait States 

Data Access Clocks 

Fetch Cycle Mode 

Fetch Clocks 

0000H-3FFFH 

PWC1,PWC0 

00 

0 

3 

Normal 

3 



01 

1 

4 


4 



1 0 

2 

5 


5 



1 1 

0 

4 

High-speed 

2 

4000H-7FFFH 

PWC3, PWC2 

00 

0 

3 

Normal 

3 



01 

1 

4 


4 



1 0 

2 

5 


5 



1 1 

0 

4 

High-speed 

2 

8000H-BFFFH 

PWC5, PWC4 

00 

0 

3 

Normal 

3 



01 

1 

4 


4 



1 0 

2 

5 


5 



1 1 

— 

N/A 

N/A 

N/A 

C000H-FC7FH, 

PWC7, PWC6 

00 

0 

3 

Normal 

3 

*FFDOH-FFDFH 


01 

1 

4 


4 



1 0 

2 

5 


5 



11 

— 

N/A 

N/A 

N/A 

FC80H-FDFFH 

PWC7, PWC6 

00 

0 

3 

Normal 

3 



01 

0 

3 


3 



1 0 

0 

3 


3 



11 

- 

N/A 

N/A 

N/A 


* Data in the SFR external access area, FFDOH-FFDFH, cannot be 
fetched. 


32K Memory Block 

Wait Control Register Bits 

Address Wait 

0000H-7FFFH 

AWO 

0 

Disabled 



1 

Enabled 

8000H-FC7FH 

AW1 

0 

Disabled 




Enabled 
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Program Fetch 

The/iPD78352 family devices allow opcode fetch in the 
area between OOOOH and FDFFH; they contain a 5-byte 
instruction prefetch queue.The bus control unit can 
fetch an instruction byte from memory during cycles in 
which the execution unit is not using the memory bus. 
If the instruction byte is fetched from on-chip memory, 
two internal system clocks are required for each byte, 
and the queue can hold 5 bytes. If the Instruction is 
fetched from external memory, three Internal system 
clocks are required for each byte, and the queue can 
hold 3 bytes. For programs located in internal memory, 
the PWC register also can be programmed to allow 1 
byte to be fetched every two, three, four, or five internal 
system clocks. 

CPU Control Registers 

Program Counter. The program counter is a 16-bit 
register that holds the address of the next instruction 
to be executed. After reset line goes high, the program 
counter is loaded with the address stored in locations 
OOOOH and 0001H. 

Stack Pointer. The stack pointer Is a 16-bit register 
that holds the address of the last item pushed onto the 
stack. It is decremented before new data is pushed 
onto the stack and Incremented after data is popped 
off the stack. 

CPU Control Word. The CPU control word (CCW) 
selects the origin of the Interrupt vector and CALLT 
tables. If the TPF bit (bit 1) Is zero, the origin is OOOOH; 
if the TPF bit is one, the origin is 8000H. The CCW Is a 
special function register located at ad dress F FC1H. 
The addresses of the vectors for the RESET input, 
operation-code trap, and BRK instruction are fixed at 
OOOOH, 003CH, and 003EH, respectively, and are not 
altered by the TPF bit. 

Program Status Word. The program status word 
(PSW) is a 16-bit register containing flags that are set or 
reset depending on the results of an Instruction. This 
register can be written to or read from 8 bits at a time. 
The high-order 8 bits are called the PSWH and the 
low-order 8 bits are called the PSWL. The Individual 
flags can also be manipulated on a bit-by-bit basis. The 
assignment of PSW bits follows. 


7 6 5 4 3 2 1 0 


UF 

RBS2 

RBS1 

RBSO 

0 

0 

0 

0 

7 

6 

5 

4 

3 

2 

1 

0 

S 

Z 

RSS 

AC 

IE 

P/V 

0 

CY 


UF 

RBS2-RBS0 

S 

Z 

RSS 

AC 

IE 

P/V 

CY 


User flag 

Active register bank number 

Sign flag (1 If last result was negative) 

Zero flag (1 if last result was zero) 

Register set selection flag 

Auxiliary carry flag (carry out of 3 bit) 

Interrupt enable flag 

Parity or arithmetic overflow flag 

Carry bit (or 1-bit accumulator for logic) 


General Registers 

There are sixteen 8-bit general registers, which can 
also be paired to function as 16-bit registers. A com¬ 
plete set of 16 registers is mapped into each of eight 
program-selectable register banks stored in Main RAM. 
Three bits in the PSW specify the active register bank. 

Registers have functional names (like A, X, B, C for 8-bit 
registers and AX, BC for 16-bit registers) and absolute 
names (like R1, RO, R3, R2 for 8-bit registers and RPO, 
RP1 for 16-blt registers). Each instruction determines 
whether a register is referred to by functional or abso¬ 
lute name and whether it Is 8 or 16 bits. 

Two possible relationships may exist between the ab¬ 
solute and functional names of the first four register 
pairs. The RSS bit In the PSW determines which of these 
is active at any time. The effect Is that the accumulator 
and counter registers can be saved, and a new set can 
be specified by toggling the RSS bit. Figure 2 illus¬ 
trates the general register configuration. 
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Figure 2. General Registers 


Register Storage 


FEFOH 


FEFFH 


RSS = 0 

1H OH 


Bank? 

/ 

A(R1) j X(RO) 

RSSsI 

/ 

AX(RPO) 


R1 j RO 

Bank 6 

/ 

B(R3) j C(R2) 


RPO 

/ 

BC (RP1) 



Banks 

/ 

R5 j R4 



/ 

RP2 


A(R5) j X(R4) 

Bank 4 

/ 

R7 j R6 


AX (RP2) 

/ 

RP3 


B (R7) j C (R6) 

Banks 

/ 

VPh(R9)J VPl(R8) 


BC (RP3) 

/ 

VP (RP4) 


Bank 2 

/ 

UPh(R11^ UPl(RIO) 
UP (RP5) 


Bank1 

/ 

D(R13)^ E<R12) 


/ 

DE (RP6) 


BankO 


H(R15)^ L(R14) 

HL(RP7) 



Addressing 

The /iPD78352 family features 1-byte addressing of 
both the special function registers and the portion of 
on-chip RAM from FE20H to FEFFH. The 1-byte sfr 
addressing accesses the entire SFR area, while the 
1-byte saddr addressing accesses the first 32 bytes of 
the SFR area and 224 bytes of the Main RAM. 

The 16-bit SFRs and words of memory In these areas 
can be addressed by 1-byte saddrp addressing, which 
is valid for even addresses only. Since many Instruc¬ 
tions use 1-byte addressing, access to these locations 
is almost as fast and as versatile as access to the 
general registers. 


There are nine addressing modes for data In main 
memory: direct, register, register indirect with autoln- 
crement or autodecrement, saddr, saddr indirect, SFR, 
based. Indexed, and based Indexed. There are also 
8-blt and 16-bit Immediate operands. Figure 3 Is the 
memory map of the )l/PD 78352 family. 
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NEC 


Figures. Memory Map 
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Special Function Registers 

The input/output ports, timers, capture and compare 
registers, and mode and control registers for both the 
peripherals and the CPU are collectively known as 
special function registers. They are all memory- 
mapped between FFOOH and FFFFH and can be ac¬ 
cessed either by main memory addressing or by 1-byte 
SFR addressing. All can be read under program con¬ 
trol, and most can also be written. They are either 8 or 


16 bits, as required, and many of the 8-bit registers are 
capable of single-bit access as well. 

Locations FFDOH through FFDFH are known as the 
external access area. Registers in external circuitry. 
Interfaced and mapped to these addresses, can be 
addressed with SFR addressing. Table 1 lists the spe¬ 
cial function registers. 


Table /. Special Function Registers 


Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

FFOOH 

Porto 

PO 

R/W 

X 

X 

— 

Undefined 

FF01H 

Port 1 

PI 

R/W 

X 

X 

— 

Undefined 

FF02H 

Port 2 

P2 

R 

X 

X 

— 

Undefined 

FF03H 

Port 3 

P3 

R/W 

X 

X 

— 

Undefined 

FF04H 

Port 4 (Note 1) 

P4 

R/W 

X 

X 

— 

Undefined 

FF05H 

Port 5 (Note 1) 

P5 

R/W 

X 

X 

— 

Undefined 

FF09H 

Port 9 (Note 1) 

P9 

R/W 

X 

X 

- 

Undefined 

FF10H-FF11H 

Compare register 00 

CTOO 

R/W 

— 

— 

X 

Undefined 

FF12H-FF13H 

Compare register 01 

CT01 

R/W 

— 

— 

X 

Undefined 

FF14H-FF15H 

Compare register 10 

CM10 

R/W 

— 

— 

X 

Undefined 

FF1EH-FF1FH 

Compare register 20 

CM20 

R/W 

— 

— 

X 

Undefined 

FF20H 

Port 0 mode register 

PMO 

R/W 

X 

X 

— 

FFH 

FF21H 

Port 1 mode register 

PM1 

R/W 

X 

X 

— 

FFH 

FF23H 

Port 3 mode register 

PM3 

R/W 

X 

X 

- 

FFH 

FF25H 

Port 5 mode register (Note 1) 

PM5 


X 

X 

— 

FFH 

FF29H 

Port 9 mode register (Note 1) 

PM9 

R/W 

X 

X 

— 

xFH 

FF30H-FF31H 

Timer register 0 

TMO 

R 

— 

— 

X 

OOH 

FF32H-FF33H 

Timer register 1 

TM1 

R 

— 

— 

X 

OOH 

FF34H-FF35H 

Timer register 2 

TM2 

R 

— 

— 

X 

OOH 

FF38H 

Timer control register 0 

TMCO 

R/W 

X 

X 

— 

OOH 

FF39H 

Timer control register 1 

TMC1 

R/W 

X 

X 

— 

OOH 

FF3CH 

External interrupt mode register 0 

INTMO 

R/W 

X 

X 

— 

OOH 

FF3DH 

External interrupt mode register 1 

INTM1 

R/W 

X 

X 

— 

OOH 

FF43H 

Port 3 mode control register 0 

PMC3 

R/W 

X 

X 

— 

OOH 

FF62H 

Port read control register 

PRDC 

R/W 

X 

X 

— 

OOH 

FF64H 

PWM control register 

PWMC 

R/W 

X 

X 

— 

OOH 

FF66H 

PWM buffer register 0 

PWMO 

R/W 

X 

X 

— 

Undefined 

FF6EH 

PWM buffer register 1 

PWM1 

R/W 

X 

X 

— 

Undefined 

FFA8H 

In-service priority register 

ISPR 

R 

X 

X 

— 

OOH 

FFAAH 

Interrupt mode control register 

IMC 

R/W 


Bi 

— 

80H 

FFACH 

Interrupt mask flag register 

MKL 

R/W 



— 

7FH 
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Table 1. Special Function Registers (cont) _ 

Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

RA/V 

1 

8 

16 

State After Reset 

FFACH-FFADH 

Interrupt mask flag register (Note 2) 

MK 

R/W 

— 

— 

X 

XX7FH 

FFCOH 

Standby control register (Note 3) 

STBC 

R/W 

__ 

X 

— 

0000 xOOOB 

FFC1H 

CPU control word 

CCW 

R/W 

X 

X 

— 

OOH 

FFC2H 

Watchdog timer mode register (Note 3) 

WDM 

R/W 

— 

X 

— 

OOH 

FFC4H 

Memory expansion mode register 

MM 

R/W 

X 

X 

— 

OOH 

FFC6H-FFC7H 

Programmable wait control register 

PWC 

R/W 

- 

— 

X 

COAAH 

FFDOH-FFDFH 

External access area 

— 

mm 

HH 

X 

— 

Undefined 

FFEOH 

Interrupt control register (INTOV) 

OVIC 

mm 

WBM 

X 

— 

43H 

FFE1H 

Interrupt control register (INTPO) 

PICO 


X 

X 

— 

43H 

FFE2H 

Interrupt control register (INTP1) 

PIC1 

R/W 

X 

X 

— 

43H 

FFE3H 

Interrupt control register (INTCM10) 

CMIC10 

R/W 

X 

X 

— 

43H 

FFE4H 

Interrupt control register (INTCM20) 

CMIC20 

R/W 

X 

X 

— 

43H 

FFE5H 

Interrupt control register (INTP2) 

PIC2 

R/W 

X 

X 

— 

43H 

FFE6H 

Interrupt control register (INTP3) 

PIC3 

R/W 

X 

X 

— 

43H 


Notes: 

(1) /iPD78352A/P352 only. 

(2) Used only when a word is accessed by an instruction with the 
sfrp operand. 


(3) These are protected registers, which can be written by a special 
instruction only. 


Input/Output Ports 

The ^PD78350 has four I/O ports providing a total of 30 
I/O lines. The/iPD78352A/P352 have an additional three 
I/O ports for a total of 50 I/O lines. 

Ports PO, P1, and P3 are 8-bit input/output ports and P2 
is a 6-bit input port. All the bits in PO, P1, and P3 can be 
individually selected for either input or output using 
port mode registers PMO, PM1, and PUS. Bits P3o and 
P3i can also be programmed for use as PWM outputs 
PWMO and PWM1 by using port 3 mode control register 
PMC3. 

Port P2 functions only in the control mode as input pins 
for the NMI signal, the INTPO to INTP3 Interrupt signals, 
and the external count clock for timer 1 (Tl). However, 
any masked interrupt automatically becomes an input 


line and the state of all the pins can be read by the 
program using a read instruction to port 2. Each pin of 
P2 can be programmed for rising, falling, or both rising 
and falling edge detection. 

The output level of the PO, P1, and P3 I/O pins can be 
tested to determine whether they agree with the con¬ 
tents of the output latch. When the low-order bit of port 
read control register PRDC is set to 1, the output level 
of the I/O pins can be read with the port still in the 
output mode. These data values can be compared with 
the data known to be in the output latch to determine If 
the port is functioning correctly. Figure 4 shows the 
structure of each port pin. 
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Figure 4. I/O Circuits 

! Type 1 WmT, MODEO, MOOEI 



Type 2. Port P2, RESET 



Schmitt trigger Input with hysteresis characteristics. 


Types. CLKOUT 
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■o OUT 
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The three additional input/output ports in the 
/iPD78352A/P352 are ports P4, P5, and P9. These ports 
are available If external memory or memory-mapped 
external circuitry Is not being used. Port 4 Is shared 
with the low-order address/data bus (ADq to AD 7 ) and is 
byte-selectable for input or output. Port 5 is shared with 
the high-order address bus (As to A 15 ). Depending on 
the amount of external memory used, either 8 , 6 , 4, or 
0 bits are available for bit-selectable I/O. Port 9 is a 4-bit, 
bit-selectable I/O port. Two of its pins are shared with 
the read and write strobes. 

Timers 

The JL/PD78352 family has three 16-bit timers. Two of 
them count only the internal system clock; the third 
counts either the Internal system clock or external 
events. Refer to the block diagram, figure 5. 

Timer 0 is a 16-bit, free-running counter that counts the 
internal system clock (fcLK/ 8 ) and generates an inter¬ 
rupt request (INTOV) when It overflows. It also has two 
associated capture registers, CTOO and CT01. The 
timer value can be captured in synchronization with 
external Interrupt lines INTPO and INTP1, respectively. 
These lines can be programmed to trigger Interrupts as 
well. 

Timer 1 Is a 16-bit counter serving as an Interval timer 
or an event counter. It can count either the Internal 
system clock (fcLK/ 8 ) or external events sensed on the 
Tl line. It has an associated comparator register, CM10. 
When the counter contents match the CM10 contents, 
the counter Is cleared to 0, and an interrupt request 
(INTCM10) is generated. The counter continues to 
count until disabled by software. 

Timer 2 is a 16-bit counter that serves as an interval 
timer. It can be programmed to count the internal 
system clock (fcLK/4 or fcLK/ 8 )- ^Iso has an associ¬ 
ated comparator register, CM20. When the counter 
contents match the CM 20 contents, the counter is 
cleared to 0 and an interrupt request (INTCI\/I20) Is 
generated. The counter continues to count until dis¬ 
abled by software. 


Figures. Timers Block Diagram 



fCLK^ 

fCLK^S 
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Pulse-Width Modulated Outputs 

The /iPD78352 family has two high-speed, pulse-width 
modulated (PWM) outputs. A single 8-blt, free-running 
counter counts the internal system clock fcLK/2 and 
serves both outputs. For the jL/PD78350 running at 25 
MHz (fcLK = ‘12.5 MHz), the resolution is 160 ns and the 
repetition rate is 24.4 kHz. For the /LiPD78352A/P352 
running at 32 MHz (fcLK = MHz), the resolution is 
125 ns and the repetition rate is 31.25 kHz. 

The polarity of each output can be selected under 
program control. Whenever the counter overflows, the 
CMPO and CMP1 registers are loaded from their respec¬ 
tive PWM buffer registers and each output becomes 
active. When the counter value matches the value in the 
associated compare register, that output goes inactive. 
The two PWM outputs, PWMO and PWM1, share pins 
with port 3 bits 0 and 1, respectively. 


Figure 6. Pulse-Width Modulated Outputs 
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Interrupts 

The /iPD78352 family has seven maskable hardware 
interrupt sources: four external and three internal. The 
four external maskable interrupts share pins with port 
2. Two of them, INTPO and INTP1, can also be used to 
trigger capture events In registers CTOO and CT01 


associated with timer 0. In addition, there are two 
nonmaskable interrupts, three software Interrupts, and 
reset. The software interrupts, generated by the BRK or 
BRKCS instruction and the operation code trap, are 
not maskable. See table 2. 


Table 2. Interrupt Sources 


Type of 

Default 

Signal 



Macro Service 

Vector Address 

Request 

Priority 

Name 

Source 

Location 

Control Word 

TPF = ( 

) TPF = 1 

Software 

— 

_ 

Operation code trap 

CPU 

— 


003CH 


— 

— 

BRK Instruction 

CPU 

— 


003EH 


— 

— 

BRKCS Instruction (Note 1) 

CPU 

— 


— 

Nonmaskable 

— 

NMI 

NMI Input pin 

External 

— 

0002H 

8002H 


— 

INTWDT 

Watchdog timer overflow 

Internal 

— 

0004H 

8004H 

Maskable 

0 

INTOV 

Timer 0 overflow 

Internal 

FE06H 

0006H 

8006H 


1 

INTPO 

INTPO pin 

External 

FE08H 

0008H 

8008H 


2 

INTP1 

INTP1 pin 

External 

FEOAH 

OOOAH 

800AH 


3 

INTCM10 

CM10 coincidence 

Internal 

FEOCH 

OOOCH 

800CH 


4 

INTCM20 

CM20 coincidence 

Internal 

FEOEH 

OOOEH 

800EH 


5 

INTP2 

INTP2 pin 

External 

FE10H 

0010H 

801 OH 


6 

INTP3 

INTP3 pin 

External 

FE12H 

0012H 

8012H 

Reset 

- 

RESET 

RESET pin 

External 

- 


OOOOH 


Note: 


(1) Initiates context switch 


Interrupt Servicing 

The //PD78352 family provides four levels of program¬ 
mable hardware priority control and three different 
methods of handling maskable interrupt requests: 
standard vectoring, context switching, and macro ser¬ 
vice. The programmer can choose the priority and 
mode of servicing each maskable interrupt by using 
the Interrupt control registers. 

Interrupt Control Registers 

The/iPD78352 family has 10 interrupt control registers. 
Each maskable interrupt request has its own control 
register, which includes bits to specify interrupt re¬ 
quest, interrupt mask, macro service enable, context 
switch enable, and priority. Priorities range from 0 
(highest) to 3. See figure 7. 

There Is also a mask flag register, MKL, with a bit for 
each maskable Interrupt. Since each interrupt has two 
mask bits, the masking of the Interrupt is the “or” 
function of those two bits. 


Interrupt mode control register IMC can be used to 
enable or disable nesting of interrupts set to the lowest 
priority level (level 3). Inservice priority register ISPR is 
used by the hardware to hold the priority level of the 
interrupt request currently being serviced. It is manip¬ 
ulated by hardware only, but It can be read by software. 

Finally, the IE bit of the program status word also is 
used to control the interrupts. If the IE bit is 0, all 
maskable interrupts, but not macro service, are dis¬ 
abled. The IE bit can be set or cleared by the El or Dl 
instruction, respectively, or by direct writing to the 
PSW The IE bit is cleared each time an interrupt is 
accepted. 
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Figure 7. Interrupt Control Register (xxICx) 


7 

6 

5 

4 

xxIFxx 

xxMKxx 

xxISMxx 

xxCSExx 

3 

2 

1 

0 

0 

0 

xxPRxl 

xxPRxO 


xxIFxx 


Interrupt Request Flag 

0 

1 


No interrupt request 

Interrupt request received 

xxMKxx 


Interrupt Mask Flag 

0 

1 


Interrupt request enabled 

Interrupt will be pending 

xxiSMxx 


Macro Service Enable 

0 


Software service 

1 


Macro service 

xxCSExx 


Context Switch Enable 

0 


Vector service 

1 


Context switch 

xxPRxl 

xxPRxO 

Priority Specification 

0 

0 

Priority 0 (highest) 

0 

1 

Priority 1 

1 

0 

Priority 2 

1 

1 

Priority 3 


Interrupt Priority 

The two nonmaskable interrupts, NMI and INTWDT 
have priority over all others. Their priority relative to 
each other is under program control. 

Four hardware-controlled priority levels are available 
for the maskable interrupts. Any one of the four levels 
can be assigned by software to each of the maskable 
interrupt lines. Interrupt requests of a priority higher 
that the processor’s current priority level are accepted; 
requests of the same or lower priority are held pending 
until the processor’s priority state is lowered by a 
return instruction from the current service routine. 

By setting the PRSL bit of the IMC register to zero, it is 
possible to specify in software that level 3 interrupts 
(the lowest level) can be accepted when the processor 
is operating at level 3. This nesting within a level 
applies to level 3 only. 

Interrupt requests programmed to be handled by 
macro service have priority over all software interrupt 
service regardless of the assigned priority level, and 


macro service requests are accepted even when the 
Interrupt enable bit In the PSW is set to the disable 
state. See figure 8. 

The “Default Priorities’’ listed in table 2 are fixed by 
hardware; they are effective only when it is necessary 
to choose between two Interrupt requests of the same 
software-assigned priority. For example, the default 
priorities would be used after the completion of a 
high-priority routine If two interrupts of the same lower 
priority were pending. 

Software interrupts, the BRK and BRKCS instructions, 
and the operation code trap are executed regardless of 
the processor’s priority level and the state of the IE bit. 
They do not alter the processor’s priority level. 

Figure 8. Interrupt Service Sequence 

Interrupt Request —i— xxMK = 1 (Interrupt Masked) Interrupt Pending. 

'—xxMK = 0 (Unmasked) 

— xxISM = 1 Macro Service. 

— xxISM = 0 Software Service. 

— Dl Software Interrupt Pending. 

— El 

— xxCSE = 0 Vectored Interrupt. 

— xxCSE = 1 Context Switch. 

83RD-7817A 


Vectored Interrupt 

When vectored Interrupt Is specified for a given Inter¬ 
rupt request, (1) the program status word and the 
program counter are saved on the stack, (2) the pro¬ 
cessor’s priority is raised to that specified for the 
Interrupt, (3) the IE bit in the PSW is set to zero, and (4) 
the routine whose address is in the interrupt vector 
table is entered. At completion of the service routine, 
the RETI instruction (or RETB instruction for software 
interrupts) reverses the process, and the /iPD78352 
family device resumes the interrupted routine. 

Context Switch 

When context switching (figure 9) is specified for a 
given interrupt, the active register bank is changed to 
the register bank specified by the three low-order bits 
of the word in the interrupt vector table. The program 
counter is loaded from RP2 of the new register bank. 


5c 
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the old program counter and program status word are 
saved in RP2 and RP3 of the new register bank, and the 
IE bit In the PSW is set to zero. 

At completion of the service routine, the RETCS In¬ 
struction for routines entered from hardware requests, 
or the RETCSB instruction for routines entered from 
the BRKCS instruction, reverse the process. The old 
program counter and program status word are re¬ 
stored from RP2 and RP3 of the new register bank. The 
entry address of the service routine, which must be 
specified in the 16-bit immediate operand of these 
return instructions, is stored again In RP2. 


Figure 9. Context Switching and Return 


Context Switch 


Return From Context Switch 


Current Active New Active Current Active Former Active 

Register Bank Register Bank Register Bank Register Bank 



83RD-6738B 


Macro Service 

When macro service Is specified for a given interrupt, 
the macro service hardware temporarily stops the 
executing program and transfers data between the 
special function register area and the memory space. 
Control is then returned to the executing program, 
providing a completely transparent method of interrupt 
service. Macro service significantly improves response 
time and makes it unnecessary to save any registers. 

For each request on the interrupt line, one operation is 
performed, and an 8-bit counter Is decremented. When 


the counter reaches 0, a software service routine is 
entered according to its specified priority. Either vec¬ 
tored interrupt or context switch can be specified for 
entry to this routine, which Is known as the macro 
service completion routine. 

Macro service is provided for all of the maskable Inter¬ 
rupt requests, and each has a specific macro service 
control word stored in Main RAM. The function to be 
performed is specified in the control word. 

The (JPD78352 family provides five different macro 
service functions. 
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Function Description 


EVTCNT 


BLKTRS 


BLKTRS-P 


DTADIF 


DTADIF-P 


Event counter. Counts up to 256 events 
by incrementing or decrementing the 
macro service counter. When the counter 
reaches OOH, the software service 
routine is entered. 

Block transfer. Transfers a byte or word 
of data in either direction between a 
specified special function register and a 
buffer in Main RAM (FExx). 

Block transfer with memory pointer. 
Transfers a byte or word of data in either 
direction between a specified special 
function register and a buffer anywhere 
in the 64K-byte address space. 

Data difference. Stores the difference 
between the current value of a specified 
16-bit special function register and its 
previous value in a word buffer in Main 
RAM (FExx). 

Data difference with memory pointer. 
Stores the difference between the 
current value of a specified 16-blt 
special function register and Its previous 
value in a word buffer anywhere In the 
64K-byte address space. 


Standby Modes 


The standby modes, HALT and STOP, reduce power 
consumption when CPU action is not required. In HALT 
mode, the CPU Is stopped but the system clock con¬ 
tinues to run. The HALT mode is released by any 
unmasked Interrupt, an external NMI, or an external 
reset pulse. In STOP mode, both the CPU and the 
system clock are stopped, further minimizing power 
consumption. The STOP mode is released by either an 
external reset pulse or an external NMI. 


The HALT and STOP modes are entered by program¬ 
ming the standby control register STBC. This register is 
a protected location and can be written to only by a 
special Instruction. If the third and fourth bytes of the 
instruction are not complements of each other, the 
data is not written and an operation code trap interrupt 
occurs. 


Watchdog Timer 

The watchdog timer protects against inadvertent pro¬ 
gram loops. A nonmaskable interrupt occurs if the 
timer is not reset by the program before It overfl ows. A t 
the same time, the watchdog timer output pin, WDTO, 
goes a ctive low for a period of 32 syste m clocks. The 
WDTO can be connected to the RESET pin or used to 
control external circuitry. Three program-selectable 
intervals are available: 10.5, 41.9, and 167.8 ms at 25 
MHz; 8.2, 32.8, and 131.1 ms at 32 MHz. 


Once started, the timer can be stopped only by an 
external reset. Watchdog timer mode register WDM is 
used to select the time Interval, to set the relative 
priority of the watchdog timer interrupt and NMI, and to 
clear the timer. This register is a protected location and 
can be written to only by a special instruction. If the 
third and fourth bytes of the instruction are not com¬ 
plements of each other, the data is not written and an 
operation code trap Interrupt occurs. 

External Reset 


5c 


The /iPD78352 family is reset by taking the RESET pin 
low. The reset circuit contains a noise filter to protect 
against spurio us syst em resets caused by noise. On 
power-up, the RESET pin must remain low until the 
power supply reaches Its operating voltage and the 
oscillator has stabilized. During reset, the program 
counter is loaded with the address contained in the 
reset vector table (addresses OOOOH, 0001H ); prog ram 
execution starts at that ad dress upon the RESET pin 
going high. W hile RESET Is low, all external lines 
except WDTO, CLKOUT, Vss. Vdd, XI, and X2 are in the 
high-impedance state. 
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ELECTRICAL SPECIFICATIONS 

Note: Specifications are preliminary forpPD78352A and 


final for iuPD78350/P352. 

Absolute Maximum Ratings 

Ta = 25°C 


Supply voltage, Vqd 

-0.5 to -1-7.0 V 

Supply voltage, Vpp 

-0.5 to -1-13.5 V 

Input voltage, Vj 

Except P2o/NMl (A9) of /iPD78P352 
P2o/NMI (A9) ofiL/PD78P352 

-0.5 to Vqd -I- 0.5 V 
-0.5 to -1-13.5 V 

Output voltage, Vq 

-0.5 to Vqd -1 - 0.5 V 

Output current, low; Iql 

Each output pin 

Total 

4.0 mA 
100 mA 

Output current, high; Iqh 

Each output pin 

Total 

-1.0 mA 
-20 mA 

Operating temperature, Tqpt 

-10 to +70°C 

Storage temperature, Tsjg 

-65 to -1-150°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma¬ 
nent damage. The device should be operated within the limits 
specified under DC and AC characteristics. 


Capacitance 

Ta = 25°C; Vqd = Vss = 0 V 


Parameter 

Symbol 

Max 

Unit 

Conditions 

Input pin 
capacitance 

C| 

20 

PF 

f = 1 MHz; 
unmeasured pins 

Output pin 
capacitance 

Cq 

20 

pF 

returned to 0 V 

I/O pin 
capacitance 

Cio 

20 

pF 



Oscillator Conditions 

Ta = -10 to 70°C: Vdd = +5 V ±10 % 

iLiPD78350 jttPD78352A/P352 


Oscillator 

Parameter 

Symbol 

Min 

Max 

Min 

Max 

Unit 

Ceramic resonator or crystal 

Oscillation frequency 

^XX 

8 

25 

8 

32 

MHz 

External clock 

X1 input frequency 

fx 

8 

25 

8 

32 

MHz 


XI clock cycle time 

^CYX 

40 

125 

31.25 

125 

ns 


X1 input rise/fall time 

tXR. ^XF 

0 

10 

0 

10 

ns 


XI input high/low level width 

twXH- ^WXL 

15 

60 

10 

60 

ns 


External Clock 
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DC Characteristics 

Ta = -10 to +70°C; Vdd = +5.0 V ±10%; Vss = 0 V 
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AC Characteristics 

Ta = -10 to +70°C; Vdd = +5.0 V 

±10%: Vss = 0 V 









/XPD78350 
fxx = 25 MHz 

jttPD78352A/P352 
fxx = 32 MHz 




Parameter 

Symbol 

Min 

Max 

Min 

Max 

Unit 

Conditions 

External Memory Read/Write Operation 

System clock cycle time (Note 1) 

tCYK 

80 

250 

62.5 

250 

ns 

Cl = 

50 pF 

Address setup time to ASTB 1 

^SAST 

16 


7 


ns 

Cl = 

100 pF (Note 2) 

Address hold after ASTB i 

^HSTA 

26 


11 


ns 

Cl = 

100 pF 

RD 1 to address floating 

tpRA 


0 


0 

ns 

Cl = 

100 pF 

Address to data input valid 

^DAID 


144 


100 

ns 

Cl = 

100 pF (Notes 2, 3) 

RD i to data input valid 

Idrid 


76 


49 

ns 

Cl = 

100 pF (Note 3) 

ASTB i to RD 1 delay time 

^DSTR 

24 


15 


ns 

Cl = 

100 pF 

Data hold time from RD t 

tHRID 

0 


0 


ns 

Cl = 

100 pF 

RD t to address active 

tORA 

26 


25 


ns 

Cl = 

100 pF 

RD width low 

%RL 

90 


63 


ns 

Cl = 

100 pF (Note 3) 

ASTB width, high 

IWSTH 

23 


14 


ns 

Cl = 

100 pF (Note 2) 

WR to data output 

tOWOD 


29 


21 

ns 

Cl = 

100 pF 

ASTB i to WR A delay 

^DSTW 

24 


15 


ns 

Cl = 

100 pF 

Data setup time to WR t 

fSODW 

75 


57 


ns 

Cl = 

100 pF (Note 3) 

Data hold time after WR t 

tHWOD 

8 


8 


ns 

Cl = 

100 pF 

WR width, low 

%WL 

90 


57 


ns 

Cl = 

100 pF (Note 3) 

WAIT setup time from address 

fSAWT 


— 


107 

ns 

Cl = 

100 pF (Note 2, 4) 

WAIT setup time from RD A or WR A 

fSRWRY 


— 


37 

ns 

Cl = 

100 pF (Note 4) 

WAIT hold time from address 

Ihawt 

— 


149 


ns 

Cl = 

100 pF (Note 2, 4) 

WAIT hold time from RD A or WR A 

Ihrwry 

— 


80 


ns 

Cl = 

100 pF (Note 4) 

ASTB t delay time from WR t 

^DWST 

110 


78 


ns 

Cl = 

100 pF 

Address to RD A or WR A delay 

tDARW 

89 



69 

ns 

Cl = 

100 pF 

Other Operations 

NMI high/low level width 

%NIH. 

tWNIL 

2.5 


2.0 


A/s 



INTPO high/low level width 

fWlOH. %I0L 

640 


500 


ns 



INTP1 high/low level width 

%11H. twHL 

640 


500 


ns 



INTP2 high/low level width 

twi2H< %12L 

640 


500 


ns 



INTP3 high/low level width 

tWl3H> twi3L 

640 


500 


ns 



RESET high/low level width 

tWRSH. tWRSL 

2.5 


2.0 


A/s 



T1 high/low level width 

%TIH- %TIL 

640 


500 


ns 




Notes: 

(1) twice the period of the crystal or external clock input. (3) No wait states 

(2) No address wait (4) One external wait state and one internal wait state 
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Timing Dependent on tcvK 


Symbol 

Calculation Formula 

Min/Max 

Unit 

tSAST 

(0.5 + a)T - 24 

Min 

ns 

^HSTA 

0.5T- 14 

0.5T-20 (Note 1) 

Min 

ns 

twSTH 

(0.5 + a)T- 17 

Min 

ns 

^DSTR 

0.5T- 16 

Min 

ns 

twRL 

(1.5 + n)T - 30 

Min 

ns 

^DAID 

(2.5 + a + n)T - 56 

Max 

ns 

tpRID 

(1.5 + n)T - 44 

Max 

ns 

^DRA 

0.5T- 14 

0.5T-6 (Note 1) 

Min 

ns 

toSTW 

0.5T- 16 

Min 

ns 

twWL 

(1.5 +n)T-30 

(1.5 + n)T-36 (Note 1) 

Min 

ns 

^DWOD 

0.5T- 10 

Max 

ns 

'SODW 

(1 + n)T-5 

Min 

ns 

^SAWT 

(a + n)T- 18 (Note 1) 

Max 

ns 

^HAWT 

(0.5 + a + n)T-7 (Note 1) 

Min 

ns 

tSRWRY 

(n-1)T-25 (Note 1) 

Max 

ns 

^HRWRY 

(n-0.5)T-14 (Note 1) 

Min 

ns 

^DARW 

(a + 1)T+9 

(a +1 )T+7 (Note 1) 

Max 

ns 

*DWST 

1.5T-10 

1.5T- 15 (Note 1) 

Min 

ns 

%lOH 

8T 

Min 

ns 

tWIOL 

8T 

Min 

ns 

tWHH 

8T 

Min 

ns 

%1L 

8T 

Min 

ns 

twi2H 

8T 

Min 

ns 

%I2L 

8T 

Min 

ns 

%I3H 

8T 

Min 

ns 

tWI3L 

8T 

Min 

ns 

tWTIH 

8T 

Min 

ns 

%TIL 

8T 

Min 

ns 


Notes: 

(1) 78352A/P352 only 

(2) T = tcYK (ns) 


(3) When an address wait is inserted, the value of letter “a” is 1. 
Otherwise, it is 0. 

(4) Letter “ n” is th e number of wait cycles specified by the external 
wait pin WAIT and the PWC register. 


AC Timing Test Points 




^ 0.8 Vdd or 2.2 V ^ 

, 0.8 V , 

K 



83CL-9149A 


5c 
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Timing Waveforms 
Read Operation 








83CL-9150B (1(y93) 
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Timing Waveforms (cont) PROM PROGRAMMING 


Interrupt Input 




< —twNIL-^ 


NMI 

^ 0.8 Vdd \ 

0.8 V 


/ 


tWInH—> 

<—twinL—> 


INTPn J 

^ 0.8 Vdd 4; 

0.8 V 

7 


n = 0 to 3 



83CL-9162A 


Reset Input 



< -%RSH-► 

-*WRSL-► 


RESET y 

- 0.8 Vdd ^ 

0.8 V 

^ 7 





83ML.69d1A 


Tl Input 



<—tWTIH—> 

< —twTIL-^ 


. / 







83CL-915aA 


The PROM In the jL/PD78P352 is one-time programmable 
(OTP) or ultraviolet erasable (UV EPROM). The 32,758 x 
8-bit PROM has the programming characteristics of an 
NEC A/PD27C1001A, Including both page and byte pro- 
granting modes. The MODEOA/pp, MODE1, P2i, and 
RESET pins are used to place the /iPD78P352 Into the 
PROM programmming mode. Table 3 shows the func¬ 
tions of the/iPD78P352 pins in normal operating mode 
and PROM programming mode. 


Table 3. Pin Functions During PROM 
Programming 


Function 

Normal Operating 
Mode 

Programming Mode 

Address input 

PO 0 -PO 7 . P5o, P2o, 
P5i - PSy 

CD 

< 

Data input 

P4o - P 47 

Do - Dj 

Program pulse 

PI 2 

P^ 

Chip enable 

PI 1 


Output enable 

PI 0 

OE 

Program voltage 

MODEO/Vpp 

MODEO/Vpp 

Mod© voltage 

MODE1, P2i, 

RESET 

MODE1, P2i, 

RESET 


PROM Programming Mode 


When -I- 6.5 V Is applied to the Vdd pin and +12.5 V to 
the MODEOA/pp pin, the ^PD78P352 enters the PROM 
programming mode. Operation in this mode is deter¬ 
mined by the setting of CE, OE, and PGM pins as 
indicated In table 4. 


Table 4 . Operation Modes For Programming 


Mode 

MODE1 

P2i 

RESET 



PM 

MODEO/Vpp 

Vdd 

Do - Dy 

Page data latch 

L 

L 

L 

H 

L 

H 

-h12.5 V 

+ 6.5 V 

Data input 

Page program 

L 

L 

L 

H 

H 

L 

+12.5 V 

+ 6.5 V 

High impedance 

Byte program 

L 

L 

L 

L 

H 

L 

+12.5 V 

+ 6.5 V 

Data input 

Program verify 

L 

L 

L 

L 

L 

H 

+12.5 V 

+ 6.5 V 

Data output 

Program inhibit 

L 

L 

L 

X 

L 

L 

+12.5 V 

+ 6.5 V 

High impedance 





X 

H 

H 




Read 

L 

L 

L 

L 

L 

H 

+ 5.0 V 

+ 5.0 V 

Data output 

Ouput disable 

L 

L 

L 

L 

H 

X 

+ 5.0 V 

+ 5.0 V 

High impedance 

Standby 

L 

L 

L 

H 

X 

X 

+ 5.0 V 

+ 5.0 V 

High impedance 


X can be either H or L 
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Figure 10. Pin Functions in/iPD78P352 PROM Programming Mode 



PROM Byte Programming Procedure 

Data can be written to the PROM one byte at a time by 

the following procedure. 

(1) Set the pins not used for programming as indicated 
in figure 10. Set MODE OA/pp a nd Vqd pins to +5 V 
and MO DE1, P 2i, and RESET pins to 0 V. The CE, 
OE, and PGM pins should be high. 

(2) Supply +6.5 V to Vdd pin and +12.5 V to MODEO/ 
Vpp pin. Set CE pin low and OE pin high. 

(3) Provide initial address to pins Aq - 

(4) Provide write data. 

(5) Input a 0.1-ms program pulse (active low) to PGM 
pin. 

(6) Use verify mode (pulse OE low) to test data. If data 
has been written, proceed to step 8; if not, repeat 
steps 4-6. If data cannot be written in 10 attempts, 
go to step 7. 

(7) Classify PROM as defective and cease write oper¬ 
ation. 


(8) Increment address. 

(9) Repeat steps 4-8 until last address Is programmed. 

PROM Page Programming Procedure 

Data can be written to the PROM four bytes at a time 

(page programming) by the following procedure. 

(1) Set the pins not used for programming as indicated 
in figure 10. Set MODE OA/pp a nd Vqd pins to +5 V 
and MO DE1, P 2i, and RESET pins to 0 V. The CE, 
OE, and PGM pins should be high. 

(2) Supply +6.5_V_to Vdd Pin and +12.5 V to MODEO/ 
Vpp pin. Set CE pin low. 

(3) Provide initial page address to pins Aq - Aie- 

(4) Provide first byte of data and latch It Into PROM by 
pulsing OE low. Continue Incrementing address 
and latching in data until four bytes have been 
loaded. 

(5) Input a 0.1-ms program pulse (active low) to PGM 
pin. Data bus Do - Dy is In a high-impedance state. 
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( 6 ) Use verify mode (pulse OE low four times) to test 
four bytes of data. If all four bytes of data have been 
written, proceed to step 8 ; if not, repeat steps 4-6. 
If data cannot be written in 10 attempts, go to step 
7. 

(7) Classify PROM as defective and cease write oper¬ 
ation. 

( 8 ) Increment address. 

(9) Repeat steps 4-8 until last address is programmed. 

PROM Read Procedure 

The contents of the PROM can be read out to the 

external data bus (Do - D 7 ) by the following procedure. 

(1) Set the pins not used for programming as indicated 
In figure 10. Set MODE O/Vpp a nd Vdd Pins to +5 V 
and MO DE1, P 2i, and RESET pins to 0 V. The CE, 
OE, and PGM pins should be high. 

(2) Supply +5 V to Vdd pin and MODEO/Vpp pin. 


(3) Input address of data to be read to pins Aq - Aie- 

(4) Put an active-low pulse on CE and OE pins. 

(5) Data is output to pins Do - Dy. 

Program Erasure 

The UV EPROM can be erased by exposing the window 
to light having a wavelength shorter than 400 nm, 
including ultraviolet, direct sunlight, and fluoresecent 
light. To prevent unintentional erasure, mask the win¬ 
dow. 

Typically, data is erased by 254-nm ultraviolet rays. A 
minimum lighting level of 15 Ws/cm2 (ultraviolet ray 
intensity x exposure time) is required to completely 
erase the written data. Erasure by an ultraviolet lamp 
rated at 12,000/iW/cm2 takes 15 to 20 minutes. Remove 
any filter on the lamp and place the device within 2.5 cm 
of the lamp tubes. 


DC Programming Characteristics 

Ta = 25°c ±5°C: Vss = 0 v 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Condition 

High-level input voltage 

V|H1 

2.2 


Vdd 

V 

(Note 1) 


V|H2 

0.8 Vdd 


Vdd 

V 

(Note 2) 

Vddp power supply voltage 

Vddp 

6.25 

6.5 

6.75 

V 

Memory program mode 



4.5 

5.0 

5.5 

V 

Memory read mode 

Vpp power supply voltage 

CL 

CL 

> 

12.2 

12.5 

12.8 

V 

Memory program mode 



Vpp 

= Vddp 


V 

Memory read mode 

Vddp power supply current 

Iddp 



30 

mA 

Memory program mode 





100 

mA 

Memory read mode 

Vpp power supply current 

ipp 



50 

mA 

Memory program mode 




1 

100 

iuA 

Memory read mode 


Notes: 

(1) All except pins in Note 2. 


(2) Pins RESET, X1, X2, P2n, INTPn, NMI, and Tl. 
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AC Programming Characteristics 

Ta = 25°C ±5°C: Vdd = 6.5 ±0.25 V; Vpp = 12.5 ±0.3 V 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 


Byte Programming Mode 

Address setup time to PGM i 

^AS 

2 



(JS 



CE setup time to PGM i 

^CES 

2 



^s 



Input data setup time to PGM 1 

fDS 

2 



A/s 



Address hold time after OE t 

Uh 

2 



A/s 



Input data hold time after PGM t 

^DH 

2 



jUS 



Output data hold time after OE t 

bp 

0 


130 

ns 



Vpp setup time before PGM i 

typs 

2 



/JS 



Vdd setup time before PGM 1 

Vds 

2 



/JS 



Program pulse width 

tpw 

0.095 

0.1 

0.105 

ms 



Data to OE 1 delay time 

^OES 

2 



/JS 



OE i to data output time 

^OE 



150 

ns 



Page Programming Mode 

Address setup time to OE i 

Us 

2 



/JS 



CE setup time to OE i 

Ues 

2 



/JS 



Input data setup time to OE 1 

Us 

2 



/JS 



Address hold time from OE T 

Uh 

2 



/JS 




Uhl 

2 



/JS 




Uhv 

0 



/JS 



Input data hold time after OE t 

Uh 

2 



/JS 



Output data hold time after OE t 

Up 

0 


130 

ns 



Vpp setup time to OE 1 

Ups 

2 



/JS 



Vdd setup time to OE 1 

Uds 

2 



/JS 



Program pulse width 

tpw 

0.095 

0.1 

0.105 

ms 



Address to OE 1 delay time 

Ues 

2 



/JS 



OE i to data output time 

Ue 



150 

ns 



OE pulse width during data latch 

W 

1 



/JS 



Data to PGM i delay time 

tPGMS 

2 



/JS 



CE hold time from PGM t 

Ueh 

2 



/JS 



CE hold time from OE t 

Ueh 

2 



/JS 



Read Mode 

Address to data output time 

Ucc 



200 

ns 

> 

11 

liu 

lo 

11 

ILU 

lo 


CE 1 to data output time 

Ue 



200 

ns 

> 

11 

lUJ 

lo 


OE i to data output time 

Ue 



75 

ns 

_j 

> 

11 

liu 

lo 


Data hold time from OE t 

Up 

0 


60 

ns 

ml 

11 

_< 

r- 


Data hold time from address 

Uh 

0 



ns 

> 

11 

ILU 

lo 

11 

ILU 

lo 
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PROM Timing Diagrams 

Byte Programming Mode 







-Program Verify- 

AO’Aie ^ 

^; 

< 


-tAS-► 


5 

1 

tDF 




t \ 

Data Input 

i 

Data Output ^ 

Vpp 

Vpp 1 

Vdd -' 

VdDP j 

Vdd ] 

Vdd- f 

a \ 

1 

5 

I 


—Ids—► 





L 

—tvps—► 







L 

^ —tvDS—► 

V_ 







n 

-•—tpw—► 

_ 






_ ^ 

PGM 

r 

-^toES-^ 

-^toE—► 



Oi \ 

Notes: 

[11 Vqq must be applied before Vpp and removed after V pp. 

[2] Vpp must not be greater than 4-13.5 V, Including overshoot. 

[3] Removing and reinserting the device while a voltage of 4-12.5 V 

Is applied to pin Vpp may affect device reliability. 

,_ / 

83CL-91&5B 
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PROM Timing Diagrams (cont) 
Read Mode 







fiPD78352 Family 



INSTRUCTION SET 

The instruction set of the /iPD78350/P352 is upward 
compatible with the/ jPD 78322 and/iPD78312A families. 
Two instructions have been added to facilitate digital 
signal processing. The convolution instruction, MACW, 
calculates the sum of the products of “n” pairs of terms 
stored in Main RAM. The value of “n” is limited only by 
the amount of Main RAM available. The MOVTBL in¬ 
struction displaces a data table by one 16-bit word to 
make room for a new data word. 

The instruction set features both 8- and 16-bit data 
transfer, arithmetic, and logic instructions and single¬ 
bit manipulation instructions. String manipulation in¬ 
structions are also included. Branch Instructions exist 
to test Individual bits in the program status word, the 
16-bit accumulator, the special function registers, and 
the saddr portion of on-chip RAM. Instructions range in 
length from 1 to 6 bytes depending on the instruction 
and addressing mode. 


Flag Column Indicators 


Symbol 

Action 

(blank) 

No change 

0 

Set to 0 

1 

Set to 1 

X 

Set or cleared according to result 

P 

P/V indicates parity of result 

v 

P/V indicates arithmetic overflow 

R 

Restored from saved PSW 

Instruction Set Symbols 

Symbol 

Definition 

r 

RO, R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11, 
R12, R13, R14, R15 

r1 

RO, R1, R2, R3, R4, R5, R6, R7 

r2 

C, B 

rp 

RPO, RP1, RP2, RP3, RP4, RP5, RP6, RP7* 

rp1 

RPO, RP1, RP2, RP3, RP4, RP5, RP6, RP7* 

rp2 

DE, HL, VP, UP 

sfr 

Special function register, 8 bits 

sfrp 

Special function register, 16 bits 

post 

RPO, RP1, RP2, RP3, RP4, RP5/PSW, RP6, RP7. Bits 
set to 1 indicate register pairs to be pushed/ 
popped to/from stack; RP5 pushed/popped by 
PUSH/POP, SP is stack pointer; PSW pushed/ 
popped by PUSHU/POPU, RP5 is stack pointer. 


Instruction Set Symbols (cont) 


Symbol 

Definition 

mem 

Register indirect: [DE], [HL], [DE+], [HL+], [DE-], 
[HL-], [VP], [UP] 

Base Index Mode: [DE+A], [HL+A], [DE+B], 
[HL+B], [VP+DE], [VP+HL] 
Base Mode: [DE+byte], [HL+byte], [VP+byte], 
[UP+byte], [SP+byte] 

Index Mode: word [A], word [B], word [DE], word 
[HL] 

saddr 

FE20-FF1FH: Immediate byte addresses one byte 
in RAM, or label 

saddrp 

FE20-FF1FH: Immediate byte (bit 0=0) addresses 
one word in RAM, or label 

word 

16 bits of immediate data, or label 

byte 

8 bits of immediate data, or label 

jdispS 

8 -bit two’s complement displacement (immediate 
data, displacement value -128 to 4-127) 

bit 

3 bits of immediate data (bit position in byte), or 
label 

n 

3 bits of immediate data 

!addr16 

16-bit absolute address specified by an immediate 
address or label 

$addr16 

Relative branch address or label 

addr16 

16-bit address 

laddril 

11 -bit immediate address or label 

addril 

0800H-0FFFH: 0800H 4- (11-bit immediate 
address), or label 

addrS 

0040H-007EH: 0040H 4- 2 X (5-bit immediate 
address), or label 

A 

A register (8-bit accumulator) 

X 

X register 

B 

B register 

C 

C register 

D 

D register 

E 

E register 

H 

H register 

L 

L register 

R0-R15 

Register 0 to register 15 

AX 

Register pair AX (16-bit accumulator) 

BC 

Register pair BC 

DE 

Register pair DE 

HL 

Register pair HL 
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Instruction Set Symbols (cont) 


Symbol 

Definition 

RP0-RP7 

Register pair 0 to register pair 7 

PC 

Program counter 

SP 

Stack pointer 

UP 

User stack pointer (RP5) 

PSW 

Program status word 

PSWH 

High-order 8 bits of PSW 

PSWL 

Low-order 8 bits of PSW 

CY 

Carry flag 

AC 

Auxiliary carry flag 

Z 

Zero flag 

P/V 

Parity/overflow flag 

s 

Sign flag 

TPF 

Table position flag 

RBS 

Register bank select flag 

RSS 

Register set select flag 

IE 

Interrupt enable flag 

STBC 

Standby control register 

WDM 

Watchdog timer mode register 

( ) 

Contents of the location whose address is within 
parentheses; (4-) and (-) indicate that the address 
is incremented after or decremented after it is 
used 

(0) 

Contents of the memory location defined by the 
quantity within the sets of parentheses 

xxH 

Hexadecimal quantity 

Xh. Xl 

High-order 8 bits and low-order 8 bits of X 

A 

Logical product (AND) 

V 

Logical sum (OR) 

V 

Exclusive logical sum (exclusive OR) 

- 

Inverted data 


* rp and rp1 describe the same registers but generate different 
machine code. 
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Instruction Set 

Mnemonic Operand 

Operation 

Bytes 

S 

z 

Flags 

AC 

P/V 

CY 

8‘Bit Data Transfer 

MOV r1, #byte 

r1 byte 

2 






saddr, #byte 

(saddr) <- byte 

3 






sfr, #byte (Note 1) 

sfrbyte 

3 






r, r1 

r<- r1 

2 






A, r1 

A ♦- r1 

1 






A, saddr 

A ^ (saddr) 

2 






saddr, A 

(saddr) A 

2 






saddr, saddr 

(saddr) «- (saddr) 

3 






A, sfr 

A <- sfr 

2 






sfr, A 

sfr A 

2 . 






A, mem (Note 2) 

A <6- (mem) 

1 






A, mem 

A *- (mem) 

2-4 






mem, A (Note 2) 

(mem) <- A 

1 






mem, A 

(mem) <- A 

2-4 






A, [saddrp] 

A ((saddrp)) 

2 






[saddrp], A 

((saddrp)) A 

2 






A, !addr16 

A <- (addr16) 

4 






!addr16, A 

(addr16) A 

4 






PSWL, #byte 

PSWL byte 

3 

X 

X 

X 

X 

X 

PSWH, #byte 

PSWH byte 

3 






PSWL, A 

PSWL<- A 

2 

X 

X 

X 

X 

X 

PSWH, A 

PSWH A 

2 






A, PSWL 

A PSWL 

2 






A, PSWH 

A - PSWH 

2 






XCH A, r1 

A ♦♦ r1 

1 






r, r1 

r r1 

2 






A, mem 

A (mem) 

2-4 






A, saddr 

A (saddr) 

2 






A, sfr 

A ♦♦ sfr 

3 






A, [saddrp] 

A ((saddrp)) 

2 






saddr, saddr 

(saddr) (saddr) 

3 






16-Bit Data Transfer 

MOVW rp1, #word 

rp1 *- word 

3 






saddrp, #word 

(saddrp) word 

4 






sfrp, #word 

sfrp <- word 

4 






rp, rp1 

rp rp1 

2 






AX, saddrp 

AX 4- (saddrp) 

2 






saddrp, AX 

(saddrp) AX 

2 






saddrp, saddrp 

(saddrp) (saddrp) 

3 
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Instruction Set (cont) 

Mnemonic Operand 

Operation 

Bytes 

S 

z 

Flags 

AC 

P/V 

CY 

16-Bit Data Transfer (cont) 

MOVW AX, sfrp 

AX ^ sfrp 

2 






Mrp,AX 

sfrp ^ AX 

2 






rp 1 , !addr16 

rpl (addr16) 

4 






!addr16, rp 1 

(addr16) <- rp 1 

4 






AX, mem 

AX -e- (mem) 

2-4 






mem, AX 

(mem) <- AX 

2-4 






XCHW AX, saddrp 

AX ^ (saddrp) 

2 






AX, sfrp 

AX <^sfrp 

3 






saddrp, saddrp 

(saddrp) (saddrp) 

3 






rp, rp 1 

rp rp 1 

2 






AX, mem 

AX (mem) 

2-4 






8-Bit Arithmetic 

ADD A, #byte 

A, CY <- A + byte 

2 

X 

X 

X 

V 

X 

saddr, #byte 

(saddr), CY -e- (saddr) + byte 

3 

X 

X 

X 

V 

X 

sfr, #byte 

sfr, CY sfr + byte 

4 

X 

X 

X 

V 

X 

r, r 1 

r, CY ^ r + r1 

2 

X 

X 

X 

V 

X 

A, saddr 

A,CY^A+ (saddr) 

2 

X 

X 

X 

V 

X 

A, sfr 

A,CY<- A + sfr 

3 

X 

X 

X 

V 

X 

saddr, saddr 

(saddr), CY ■«- (saddr) + (saddr) 

3 

X 

X 

X 

V 

X 

A, mem 

A, CY A + (mem) 

2-4 

X 

X 

X 

V 

X 

mem, A 

(mem), CY (mem) + A 

2-4 

X 

X 

X 

V 

X 

ADDC A, #byte 

A, CY^ A + byte + CY 

2 

X 

X 

X 

V 

X 

saddr, #byte 

(saddr), CY <- (saddr) + byte + CY 

3 

X 

X 

X 

V 

X 

sfr, #byte 

sfr, CY ^ sfr + byte + CY 

4 

X 

X 

X 

V 

X 

r, r 1 

r, CY ^ r + r1 + CY 

2 

X 

X 

X 

V 

X 

A, saddr 

A, CY^ A + (saddr) + CY 

2 

X 

X 

X 

V 

X 

A, sfr 

A, CY <- A + sfr + CY 

3 

X 

X 

X 

V 

X 

saddr, saddr 

(saddr), CY^ (saddr) + (saddr) + CY 

3 

X 

X 

X 

V 

X 

A, mem 

A, CY^A + (mem) + CY 

2-4 

X 

X 

X 

V 

X 

mem, A 

(mem), CY (mem) + A + CY 

2-4 

X 

X 

X 

V 

X 

SUB A, #byte 

A, CY^ A - byte 

2 

X 

X 

X 

V 

X 

saddr, #byte 

(saddr), CY <- (saddr) - byte 

3 

X 

X 

X 

V 

X 

sfr, #byte 

sfr, CY sfr - byte 

4 

X 

X 

X 

V 

X 

r, r 1 

r, CY ^ r - r1 

2 

X 

X 

X 

V 

X 

A,saddr 

A, CY^ A - (saddr) 

2 

X 

X 

X 

V 

X 

A, sfr 

A, CY^ A-sfr 

3 

X 

X 

X 

V 

X 

saddr, saddr 

(saddr), CY <- (saddr) - (saddr) 

3 

X 

X 

X 

V 

X 

A, mem 

A, CY^ A - (mem) 

2-4 

X 

X 

X 

V 

X 

mem, A 

(mem), CY <- (mem) - A 

2-4 

X 

X 

X 

V 

X 
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Instruction Set (cont) 

Mnemonic 

Operand 

Operation 

Bytes 

S 

z 

Flags 

AC 

P/V 

CY 

8-Bit Arithmetic (cont) 

SUBC 

A, #byte 

A, CY«^A-byte-CY 

2 

X 

X 

X 

V 

X 


saddr, #byte 

(saddr), CY <- (saddr) - byte - CY 

3 

X 

X 

X 

V 

X 


sfr, #byte 

sfr, CY ^ sfr - byte - CY 

4 

X 

X 

X 

V 

X 


r, r 1 

r, CY ^ r - r1 - CY 

2 

X 

X 

X 

V 

X 


A, saddr 

A, CY ^ A - (saddr) - CY 

2 

X 

X 

X 

V 

X 


A, sfr 

> 

t 

> 

0) 

I 

O 

3 

X 

X 

X 

V 

X 


saddr, saddr 

(saddr), CY ^ (saddr) - (saddr) - CY 

3 

X 

X 

X 

V 

X 


A, mem 

A,CY^A-(mem)-CY 

2-4 

X 

X 

X 

V 

X 


mem, A 

(mem), CY (mem) - A - CY 

2-4 

X 

X 

X 

V 

X 

8-Bit Logic 

AND 

A, #byte 

A <- A A byte 

2 

X 

X 


p 



saddr, #byte 

(saddr) * 6 - (saddr) A byte 

3 

X 

X 


p 



sfr, #byte 

sfr sfr A byte 

4 

X 

X 


p 



r, r 1 

rr A r 1 

2 

X 

X 


p 



A, saddr 

A A A (saddr) 

2 

X 

X 


p 



A, sfr 

A A A sfr 

3 

X 

X 


p 



saddr, saddr 

(saddr)(saddr) A (saddr) 

3 

X 

X 


p 



A, mem 

A A A (mem) 

2-4 

X 

X 


p 



mem, A 

(mem) <- (mem) A A 

2-4 

X 

X 


p 


OR 

A, #byte 

A <- A V byte 

2 

X 

X 


p 



saddr, #byte 

(saddr) <- (saddr) V byte 

3 

X 

X 


p 



sfr, #byte 

sfr «- sfr V byte 

4 

X 

X 


p 



r, r 1 

r ^ r V r 1 

2 

X 

X 


p 



A, saddr 

A ^ A V (saddr) 

2 

X 

X 


p 



A, sfr 

A ^ A V sfr 

3 

X 

X 


p 



saddr, saddr 

(saddr) ^ (saddr) V (saddr) 

3 

X 

X 


p 



A, mem 

A A V (mem) 

2-4 

X 

X 


p 



mem, A 

(mem) (mem) V A 

2-4 

X 

X 


p 


XOR 

A, #byte 

A <- A V byte 

2 

X 

X 


p 



saddr, #byte 

(saddr) (saddr) V byte 

3 

X 

X 


p 



sfr, #byte 

sfr sfr V byte 

4 

X 

X 


p 



r, r 1 

rr V r 1 

2 

X 

X 


p 



A, saddr 

A ^ A V (saddr) 

2 

X 

X 


p 



A, sfr 

A A V sfr 

3 

X 

X 


p 



saddr, saddr 

(saddr) (saddr) V (saddr) 

3 

X 

X 


p 



A, mem 

A <- A V" (mem) 

2-4 

X 

X 


p 



mem, A 

(mem) (mem) V A 

2-4 

X 

X 


p 
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Instruction Set (cont) 






Flags 



Mnemonic Operand 

Operation 

Bytes 

S 

z 

AC 

P/V 

CY 

8-Bit Logic (cont) 

CMP A, #byte 

A - byte 

2 

X 

X 

X 

V 

X 

saddr, #byte 

(saddr) - byte 

3 

X 

X 

X 

V 

X 

sfr, #byte 

sfr - byte 

4 

X 

X 

X 

V 

X 

r, r 1 

r-rl 

2 

X 

X 

X 

V 

X 

A,saddr 

A - (saddr) 

2 

X 

X 

X 

V 

X 

A, sfr 

A - sfr 

3 

X 

X 

X 

V 

X 

saddr, saddr 

(saddr) - (saddr) 

3 

X 

X 

X 

V 

X 

A, mem 

A - (mem) 

2-4 

X 

X 

X 

V 

X 

mem, A 

(mem) - A 

2-4 

X 

X 

X 

V 

X 

16-Bit Arithmetic 

ADDW AX, #word 

AX, CY ^ AX + word 

3 

X 

X 

X 

V 

X 

saddrp, #word 

(saddrp), CY (saddrp) + word 

4 

X 

X 

X 

V 

X 

sfrp, #word 

sfrp, CY -e- sfrp + word 

5 

X 

X 

X 

V 

X 

rp, rp 1 

rp, CY rp + rp1 

2 

X 

X 

X 

V 

X 

AX, saddrp 

AX, CY <- AX + (saddrp) 

2 

X 

X 

X 

V 

X 

AX, sfrp 

AX, CY ^ AX + sfrp 

3 

X 

X 

X 

V 

X 

saddrp, saddrp 

(saddrp), CY <- (saddrp) + (saddrp) 

3 

X 

X 

X 

V 

X 

SUBW AX, #word 

AX, CY ^ AX - word 

3 

X 

X 

X 

V 

X 

saddrp, #word 

(saddrp), CY <- (saddrp) - word 

4 

X 

X 

X 

V 

X 

sfrp, #word 

sfrp, CY sfrp - word 

5 

X 

X 

X 

V 

X 

rp, rp 1 

rp, CY <- rp - rp1 

2 

X 

X 

X 

V 

X 

AX, saddrp 

AX, CY ^ AX - (saddrp) 

2 

X 

X 

X 

V 

X 

AX, sfrp 

AX, CY ^ AX - sfrp 

3 

X 

X 

X 

V 

X 

saddrp, saddrp 

(saddrp), CY <- (saddrp) - (saddrp) 

3 

X 

X 

X 

V 

X 

CMPW AX, #word 

AX - word 

3 

X 

X 

X 

V 

X 

saddrp, #word 

(saddrp) - word 

4 

X 

X 

X 

V 

X 

sfrp, #word 

sfrp - word 

5 

X 

X 

X 

V 

X 

rp, rp 1 

rp - rp 1 

2 

X 

X 

X 

V 

X 

AX, saddrp 

AX - (saddrp) 

2 

X 

X 

X 

V 

X 

AX, sfrp 

AX - sfrp 

3 

X 

X 

X 

V 

X 

saddrp, saddrp 

(saddrp) - (saddrp) 

3 

X 

X 

X 

V 

X 

Multiplication/Di vision 

MULU r1 

AX <- AX X r1 

2 






DIVUW r1 

AX (quotient), r1 (remainder) <-AX r1 

2 






MULUW rp1 

AX (high-order 16 bits), rpl (low-order 16 bits) <- 
AX X rpl 

2 






DIVUX rp 1 

AXDE (quotient), rpl (remainder) ^AXDE rpl 

2 






MULW rp1 

(Note 3) 

AX (high-order 16 bits), rpl (low-order 16 
bits) ■«- AX X rpl 

2 
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NEC 


Instruction Set (cont) _ 

Flags 


Mnemonic 

Operand 

Operation 

Bytes 

S 

z 

AC 

P/V 

CY 

Sum-of-Products 

MACW 

n 

AXDE (B) X (C) + AXDE, B^B+2, C^C + 

2, n <- n-1. End if n = 0 or P/V = 1 

3 

X 

X 

X 

V 

X 

Tabte Shift 

MOVTBLW 

laddr 16, n 
(Note 4) 

(addr16 + 2 ) •«- (addr16), n <- n- 1 , addr16 addr16 
- 2. End if n = 0 

4 






Incrememt/Decrement 

INC 

r 1 

r 1 <- r 1 + 1 

1 

X 

X 

X 

V 



saddr 

(saddr) (saddr) + 1 

2 

X 

X 

X 

V 


DEC 

r 1 

r 1 ^ r 1 - 1 

1 

X 

X 

X 

V 



saddr 

(saddr) (saddr) - 1 

2 

X 

X 

X 

V 


INCW 

rp 2 

rp 2 <- rp 2 + 1 

1 







saddrp 

(saddrp) <- (saddrp) + 1 

3 






DECW 

rp 2 

rp 2 rp 2 - 1 

1 







saddrp 

(saddrp) <- (saddrp) - 1 

3 






Shift/Rotate 

ROR 

r 1 , n 

(CY, rl 7 “f- r1o, r1m-l •"•m) ^ n times 

2 




p 

X 

ROL 

r 1 , n 

(CY, rio ^ rl/, r 1 fn+ 1 ^ r 1 m) X n times 

2 




p 

X 

RORC 

r 1 , n 

(CY r1 0 , r1 7 CY, r1 f„-i rl m) ^ times 

2 




p 

X 

ROLC 

r 1 , n 

(CY rl 7 , rio CY, r1m+ i r1m) ^ n times 

2 




p 

X 

SHR 

r 1 , n 

(CY rio, rl 7 -e- 0, rl^-i rl^) x n times 

2 

X 

X 

0 

p 

X 

SHL 

r 1 , n 

(CY rl 7 , r1o 0, rl^^. ^ rl^^,) x n times 

2 

X 

X 

0 

p 

X 

SHRW 

rpl, n 

(CY rpl 0 , rpl 15 ^ 0, rpl m-i ^ rp1 m) x n times 

2 

X 

X 

0 

p 

X 

SHLW 

rp 1 , n 

(CY ^ rpl 15 , rpl 0 ^ 0, rp1 1 ^ rpl m) X n times 

2 

X 

X 

0 

p 

X 

ROR4 

[rp1] 

Aa-o**- (rp1)3-o. (rp1)7-4^ A3_o, 

(rp1)3-o ^ (rp1)7-4 

2 






ROL4 

[rp 1 ] 

As-O*^ (rp1)7-4. (rp1)3-o^ A 3 _o, 

(rp1)7_4^ (rp1)3_o 

2 






BCD Adjustment 

ADJBA 


Decimal adjust accumulator after add 

2 

X 

X 

X 

p 

X 

ADJBS 


Decimal adjust accumulator after subtract 

2 

X 

X 

X 

p 

X 

Data Expansion 

CVTBW 


X «-A, Ae_o <-A 7 

1 






Bit Manipulation 

MOV1 

CY, saddr.bit 

CY^ (saddr.bit) 

3 





X 


CY, sfrbit 

CY <- sfr.bit 

3 





X 


CY, A.bit 

CY*^ A.bit 

2 





X 


CY, X.bit 

0 

t 

X 

2 





X 


CY, PSWH.bit 

CY ^ PSWH.bit 

2 





X 
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Instruction Set (cont) 

Mnemonic 

Operand 

Operation 

Bytes 

Flags 

S Z AC P/V 

CY 

Bit Manipulation (cont) 

MOV1 (cont) 

CY, PSWLbit 

CY-i- PSWLbit 

2 


X 


saddr.bit, CY 

(saddr.bit) ^ CY 

3 




sfr.bit, CY 

sfrbit CY 

3 




A.bit, CY 

A.bit<«-CY 

2 




X.bit, CY 

>- 

O 

15 

>< 

2 




PSWH.bit, CY 

PSWH.bitCY 

2 




PSWLbit, CY 

PSWLbit-CY 

2 

XXX X 


AND1 

CY, saddnbit 

CY - CY A (saddr.bit) 

3 


X 


CY, /saddr.bit 

CY — CY A (saddr.bit) 

3 


X 


CY, sfnbit 

CY - CY A sfr.bit 

3 


X 


CY, /sfrbit 

CY — CY A sfrbit 

3 


X 


CY, A.bit 

CY - CY A A.bit 

2 


X 


CY, /A.bit 

CY - CY A Km 

2 


X 


CY, X.bit 

CY — CY A X.bit 

2 


X 


CY, /X.bit 

CY — CY A Km 

2 


X 


CY, PSWH.bit 

CY — CY A PSWH.bit 

2 


X 


CY, /PSWH.bit 

CY - CY A PSWH.bit 

2 


X 


CY, PSWLbit 

CY-CY A PSWLbit 

2 


X 


CY, /PSWLbit 

CY-CY A PSWLbit 

2 


X 

OR1 

CY, saddrbit 

CY - CY V (saddr.bit) 

3 


X 


CY, /saddr.bit 

CY - CY V (saddr.bit) 

3 


X 


CY, sfrbit 

CY - CY V sfr.bit 

3 


X 


CY,/sfrbit 

CY — CY V sfr^ 

3 


X 


CY, A.bit 

CY - CY V A.bit 

2 


X 


CY, /A.bit 

CY - CY V Km 

2 


X 


CY, X.bit 

CY — CY V X.bit 

2 


X 


CY, /X.bit 

CY - CY V y(M 

2 


X 


CY, PSWH.bit 

CY - CY V PSWH.bit 

2 


X 


CY, /PSWH.bit 

CY - CY V PSWH.bit 

2 


X 


CY, PSWLbit 

CY - CY V PSWLbit 

2 


X 


CY, /PSWLbit 

CY-CYV PSWLbit 

2 


X 

XOR1 

CY, saddr.bit 

CY — CY V (saddr.bit) 

3 


X 


CY, sfrbit 

CY-CYV sfrbit 

3 


X 


CY, A.bit 

CY-CY VA.bit 

2 


X 


CY, X.bit 

CY — CYV X.bit 

2 


X 


CY, PSWH.bit 

CY - CY V PSWH.bit 

2 


X 


CY, PSWLbit 

CY — CY V PSWLbit 

2 


X 
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Instruction Set (cont) 







Flags 



Mnemonic 

Operand 

Operation 

Bytes 

S 

Z 

AC 

P/V 

CY 

Bit Manipulation (cont) 

SET1 

saddr.bit 

(saddr.bit) 1 

2 







sfr.bit 

sfr.bit <- 1 

3 







A.bit 

A.bit1 

2 







X.bit 

X.bit <-1 

2 







PSWH.bit 

PSWH.bit 

2 







PSWLbit 

PSWLbit <-1 

2 

X 

X 

X 

X 

X 

CLR1 

saddr.bit 

(saddr.bit) 0 

2 







sfr.bit 

sfr.bit <- 0 

3 







A.bit 

A.bit ■«- 0 

2 







X.bit 

X.bit 4-0 

2 







PSWH.bit 

PSWH.bit ^0 

2 







PSWLbit 

PSWLbit 4-0 

2 

X 

X 

X 

X 

X 

NOT1 

saddr.bit 

(saddr.bit) (saddr.bit) 

3 







sfr.bit 

sfr.bit 4- sfr.bit 

3 







A.bit 

A.bit 4- A.bit 

2 







X.bit 

X.bit 4- X.bit 

2 







PSWH.bit 

PSWH.bit 4- PSWH.bit 

2 







PSWLbit 

PSWLbit 4-PSWLbit 

2 

X 

X 

X 

X 

X 

SET1 

CY 

CY^ 1 

1 





1 

CLR1 

CY 

CY4-0 

1 





0 

NOT1 

CY 

>- 

O 

1 





X 

Subroutine Linkage 

CALL 

!addr16 

(SP-1) (PC + 3)h, (SP - 2) ^ (PC + 3)l, 

PC 4- addr16, SP 4 - SP - 2 

3 







rp1 

(SP-1) 4- (PC + 2)h, (SP - 2) 4 - (PC + 2)l, 

PCh rp1 H, PCl rpl l, SP 4- SP - 2 

2 







[rp1] 

(SP-1) - (PC + 2)h, (SP - 2) 4 - (PC + 2)l, 

PCh (rpl + 1), PCl 4 - (rpl), SP 4- SP - 2 

2 






CALLF 

!addr11 

(SP-1) 4 - (PC + 2)h, (SP - 2) 4 - (PC + 2)l, 

PC 1^11 4 - 00001, PC 10-0 ^ addril, SP 4- SP - 2 

2 






CALL! 

[addrS] 

(SP-1) 4 - (PC + 1)h, (SP - 2) 4 - (PC + 1)l, 

PCh (TPFxSOOOH + 2 x addrS + 41H), 

PCl 4 - (TPFxSOOOH + 2 x addrS + 40H), SP 4 - 
SP-2 

1 






BRK 


(SP-1) 4 - PSWH, (SP - 2) 4 - PSWL, (SP - 
3)-(PC+ 1)h,(SP-4)^ (PC+ 1)l. 

PCl 4- (003EH), PCh (003FH), SP 4 - SP - 4, 

IE 4-0 

1 






RET 


PCl - (SP), PCh 4 - (SP -I- 1), SP 4 - SP + 2 

1 






RETB 


PCl (SP), PCh 4- (SP + 1), PSWL 4- (SP + 2), 
PSWH 4 - (SP + 3), SP 4 - SP + 4 

1 

R 

R 

R 

R 

R 

RETI 


PCl 4 - (SP), PCh - (SP + 1), PSWL 4 - (SP + 2), 
PSWH 4 - (SP + 3), SP 4 - SP + 4 

1 

R 

R 

R 

R 

R 
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Instruction Set (cont) 



Mnemonic Operand 

Operation 

Flags 

Bytes S Z AC P/V CY 

Stack Manipulation 




PUSH 

sfrp 

(SP - 1) ^ sfrH, (SP - 2) ^ sfrL, SP SP - 2 

3 






post 

{(SP - 1) ^ rppH, (SP - 2) ^ rppL, SP ^ SP - 2} x 
n (Note 5) 

2 






PSW 

(SP - 1) <- PSWH, (SP - 2) <- PSWL, SP ^ SP - 2 

1 





PUSHU 

post 

{(UP - 1) ^ rppH, (UP - 2) ^ rppL, UP UP - 2} x 
n (Note 5) 

2 





POP 

sfrp 

SfrL ^ (SP). sfrn ^ (SP + 1), SP ^ SP + 2 

3 






post 

{rppL (SP), rppH (SP + 1), SP <- SP + 2} x n 
(Note 5) 

2 






PSW 

PSWL ^ (SP), PSWH ^ (SP + 1 ), SP <- SP + 2 

1 

R 

R 

R R 

R 

POPU 

post 

{rppL ^ (UP), rppH ^ (UP + 1), UP <- UP + 2} x n 
(Note 5) 

2 





MOVW 

SP, #word 

SP word 

4 






SR AX 

SP«-AX 

2 






AX, SP 

AX<-SP 

2 





INCW 

SP 

SP ^ SP + 1 

2 





DECW 

SP 

SP ^ SP - 1 

2 





Pin Level Test 

CHKL 

sfr 

(Pin level) V (internal signal level) 

3 

X 

X 

P 


CHKLA 

sfr 

A -e- (Pin level) V (internal signal level) 

3 

X 

X 

P 


Unconditional Branch 

BR 

!addr16 

PC ^ addr16 

3 






rpl 

PCh <- rp 1 H, PCl rp 1 l 

2 






[rp 1 ] 

PCH-(rp 1 + 1 ), PCl ^ (rpl) 

2 






$addr16 

PC <- PC + 2 + jdispS 

2 





Conditional Branch 

BC, BL 

$addr16 

PC PC + 2 + jdispS if CY = 1 

2 





BNC, BNL 

$addr16 

PC <- PC + 2 + jdispS if CY = 0 

2 





BZ, BE 

$addr16 

PC - PC + 2+ jdispS if Z = 1 

2 





BNZ, BNE 

$addr16 

PC PC + 2+ jdispS if Z = 0 

2 





BV. BPE 

$addr16 

PC PC + 2+ jdispS if P/V = 1 

2 





BNV, BPO 

$addr16 

PC - PC + 2 + jdispS if P/V = 0 

2 





BN 

$addr16 

PC ♦- PC + 2+ jdispS if S = 1 

2 





BP 

$addr16 

PC 4- PC 4- 2+ jdispS if S = 0 

2 





BGT 

$addr16 

PC - PC + 3 + jdispS if (P/V ¥S ) V Z = 0 

3 





BGE 

$addr16 

PC - PC + 3 + jdispS if P/VV S = 0 

3 





BIT 

$addr16 

PC 4- PC + 3 + jdispS if P/V Vs = 1 

3 





BLE 

$addr16 

PC 4- PC + 3 + jdispS if (P/V VS) V Z = 1 

3 





BH 

$addr16 

PC 4- PC + 3 + jdispS if Z V CY = 0 

3 





BNH 

$addr16 

PC 4- PC + 3 + jdispS if Z V CY = 1 

3 
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Instruction Set (cont) 

Mnemonic 

Operand 

Operation 

Bytes 

S 

Z 

Flags 

AC 

P/V 

CY 

Conditional Branch 

BT 

saddr.bit, $addr16 

PC *- PC + 3 + jdispS if (saddr.bit) = 1 

3 







sfr.bit, $addr16 

PC <- PC + 4 + jdispS If sfnbit = 1 

4 







A.bit, $addr16 

PC ♦- PC + 3 + jdispS if A.bit = 1 

3 







X.bit, $addr16 

PC <- PC + 3 + jdispS if X.bit = 1 

3 







PSWH.bit, $addr16 

PC PC + 3 + jdispS if PSWH.bit = 1 

3 







PSWLbit, $addr16 

PC PC + 3 + jdispS if PSWLbit = 1 

3 






BF 

saddr.bit, $addr16 

PC PC + 4 + jdispS if (saddr.bit) = 0 

4 







sfr.bit, $addr16 

PC PC + 4 + jdispS if sfr.bit = 0 

4 







A.bit, $addr16 

PC ♦- PC 4- 3 + jdispS if A.bit = 0 

3 







X.bit, $addr16 

PC PC + 3 + jdispS if X.bit = 0 

3 







PSWH.bit, $addr16 

PC PC + 3 + jdispS if PSWH.bit = 0 

3 







PSWLbit, $addr16 

PC PC + 3 + jdispS if PSWLbit = 0 

3 






BTCLR 

saddr.bit, $addr16 

PC PC + 4 + jdispS if (saddr.bit) = 1 then reset 
(saddr.bit) 

4 







sfr.bit, $addr16 

PC PC + 4 + jdispS if sfr.bit = 1 then reset 
sfr.bit 

4 







A.bit, $addr16 

PC PC + 3 4- jdispS if A.bit = 1 then reset A.bit 

3 







X.bit, $addr16 

PC PC 4- 3 4- jdispS if X.bit = 1 then reset X.bit 

3 







PSWH.bit, $addr16 

PC PC 4- 3 4- jdispS if PSWH.bit = 1 then reset 
PSWH.bit 

3 







PSWLbit, $addr16 

PC PC 4- 3 4- jdispS if PSWLbit = 1 then reset 
PSWLbit 

3 

X 

X 

X 

X 

X 

BFSET 

saddr.bit, $addr16 

PC PC 4- 4-1- jdispS if (saddr.bit) = 0 then set 
(saddr.bit) 

4 







sfr.bit, $addr16 

PC <- PC 4- 4 4- jdispS if sfr.bit = 0 then set sfr.bit 

4 







A.bit, $addr16 

PC PC 4- 3 4- jdispS if A.bit = 0 then set A.bit 

3 







X.bit, $addr16 

PC <- PC 4- 3 4- jdispS if X.bit = 0 then set X.bit 

3 







PSWH.bit, $addr16 

PC ^ PC 4- 3 4- jdispS if PSWH.bit = 0 then set 
PSWH.bit 

3 







PSWLbit, $addr16 

PC <*- PC 4- 3 4- jdispS if PSWLbit = 0 then set 
PSWLbit 

3 

X 

X 

X 

X 

X 

DBNZ 

r2, $addr16 

r2 -6- r2 - 1, then PC <- PC 4- 2 4- jdispS if r2 = 0 

2 







saddr, $addr16 

(saddr) (saddr) - 1, then PC PC 4- 3 4- jdispS 
if (saddr) = 0 

3 






Context Switching 

BRKCS 

RBn 

RBS 2.0 n, PCh R5, PCl ^ R4, R7 ^ PSWH, 

R6-^PSWL, RSS-^0, lE^O 

2 






RETCS 

!addr16 

PCh <- R5, PCl ^ R4, R5 addrISH. 

R4 <- addrISL, 

PSWH R7, PSWL ^ R6 

3 

R 

R 

R 

R 

R 

RETCSB 

!addr16 

PCh<- R5, PCl R4, R5<- addrISH, 

R4 <- addrISL, 

PSWH R7, PSWL ^ R6 

4 

R 

R 

R 

R 

R 
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Instruction Set (cont) 

Mnemonic 

Operand 

Operation 

Bytes 

S 

z 

Flags 

AC 

P/V 

CY 

String Manipulation 

MOVM 

[DE+], A 

(DE+) <- A, C ^ C-1 End if C = 0 

2 







[DE-], A 

(DE-) ^ A, C ^ C-1 End if C = 0 

2 






MOVBK 

[DE+l, [HL+] 

(DE+) <- (HL+), C ^ C-1 End if C = 0 

2 







[DE-], [HL-] 

(DE-) (HL-), C ^ C-1 End if C = 0 

2 






XCHM 

[DE+], A 

(DE+)^A, C^C-1 EndifC= 0 

2 







[DE-], A 

(DE-) ^ A, C ^ C-1 End if C = 0 

2 






XCHBK 

[DE+], [HL+] 

(DE+) ^ (HL+), C ^ C-1 End if C = 0 

2 







[DE-], [HL-] 

(DE-) (HL-), C ^ C-1 End if C = 0 

2 






CMPME 

[DE+], A 

(DE+)-A, C<- C-1 End if C = OorZ = 0 

2 

X 

X 

X 

V 

X 


[DE-], A 

(DE-) - A, C ^ C-1 End if C = 0 or Z = 0 

2 

X 

X 

X 

V 

X 

CMPBKE 

[DE+], [HL+] 

(DE+) - (HL+), C ^ C-1 End if C = 0 or Z = 0 

2 

X 

X 

X 

V 

X 


[DE-], [HL-] 

(DE-) - (HL-), C <- C-1 End if C = 0 or Z = 0 

2 

X 

X 

X 

V 

X 

CMPMNE 

[DE+], A 

(DE+)-A,C^C-1 EndifC= OorZ= 1 

2 

X 

X 

X 

V 

X 


[DE-], A 

(DE-) - A, C ^ C-1 End if C = 0 or Z = 1 

2 

X 

X 

X 

V 

X 

CMPBKNE 

[DE+],[HL+] 

(DE+) - (HL+), C ^ C-1 End if C = 0 or Z = 1 

2 

X 

X 

X 

V 

X 


[DE-], [HL-] 

(DE-) - (HL-), C ^ C-1 End if C = 0 or Z = 1 

2 

X 

X 

X 

V 

X 

CMPMC 

[DE+], A 

(DE+) - A, C ^ C-1 End if C = 0 or CY = 0 

2 

X 

X 

X 

V 

X 


[DE-], A 

(DE-) - A, C ^ C-1 End if C = 0 or CY = 0 

2 

X 

X 

X 

V 

X 

CMPBKC 

[DE+], [HL+] 

(DE+) - (HL+), C ^ C-1 End if C = 0 or CY = 0 

2 

X 

X 

X 

V 

X 


[DE-], [HL-] 

(DE-) - (HL-), C ^ C-1 End if C = 0 or CY = 0 

2 

X 

X 

X 

V 

X 

CMPMNC 

[DE+], A 

(DE+) - A, C^ C-1 End if C = 0 or CY = 1 

2 

X 

X 

X 

V 

X 


[DE-], A 

(DE-) - A, C ^ C-1 End if C = 0 or CY = 1 

2 

X 

X 

X 

V 

X 

CMPBKNC 

[DE+], [HL+] 

(DE+) - (HL+), C <- C-1 End if C = 0 or CY = 1 

2 

X 

X 

X 

V 

X 


[DE-]. [HL-] 

(DE-) - (HL-), C ^ C-1 End if C = 0 or CY = 1 

2 

X 

X 

X 

V 

X 

CPU Control 

MOV 

STBC, #byte 

STBC <- byte (Note 6) 

4 







WDM, #byte 

WDM <- byte (Note 6) 

4 






SWRS 


RSS^ RSS 

1 






SEL 

RBn 

RBS 2.0 n, RSS *— 0 

2 







RBn, ALT 

RBS 2-0 ^ n, RSS <— 1 

2 






NOP 


No operation 

1 






El 


IE 1 (Enable interrupt) 

1 






Dl 


IE 0 (Disable interrupt) 

1 







JLIPD78352 Family 


Instruction Set (cont) 


Notes: 

(1) A special instruction is used to write to STBC and WDM. 

(2) One byte move Instruction when [DE], [HL], [DE+], [DE-], 
[HL+], or [HL-] is specified for mem. 

(3) 16-bit signed multiply instruction 

(4) Addressing range is OFEOOH to OFEFFH. 

(5) rpp refers to register pairs specified in post byte, “n” Is the 
number of register pairs specified in post byte. 

(6) Trap if data bytes in operation code are not one’s complement. If 
trap, then: 

(SP-1) ^ PSWH, (SP-2) ^ PSWL, (SP-3) ^ (PC-4)h, 

(SP-4) ^ (PC-4)l, PCl <- (003CH), PCh ^ (003DH). 
SP^SP-4, lE^O. 
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fiPD78356 Family 
(JUPD78355/356/P356) 
NEC Electronics Inc. 16-/8-Bit, K-Series Microcontrollers 

With A/D Converter and Convolution Capability 

Preliminary _September 1993 



Description 

The ^PD78355, ^PD78356, and /LiPD78P356 are 
K-Series® microcontrollers. These 16-/8-bit devices 
—with a minimum instruction time of 125 ns at 32 
MHz—are designed for high-speed, real-time process 
control. They feature a 16-bit CPU, a 16-/8-bit external 
data bus, eight banks of main registers, an advanced 
interrupt handling facility, and a powerful set of 
memory-mapped on-chip peripherals. A 16-bit multiply 
and accumulate Instruction with or without a satura¬ 
tion word provides hardware convolution capability; a 
16-bit subtract and accumulate absolute value instruc¬ 
tion provides correlation capability. 

On-board memory Includes 2048 bytes of RAM and 48K 
bytes of mask ROM, UV EPROM, or one-time program¬ 
mable (OTP) ROM. A ROMIess version Is also available. 
The UV EPROM and OTP ROM versions feature a PROM 
error correction function capable of correcting one 
1-bit error per four bytes of code. This achieves a 
significant improvement in reliability over devices with¬ 
out error correction and is suited for applications that 
require high reliability under rigorous conditions. 

The advanced interrupt handling facility has four levels 
of programmable hardware-priority control and three 
methods of servicing interrupt requests, including vec¬ 
toring, hardware context switching, and macro ser¬ 
vice. The macro service facility reduces the CPU over¬ 
head involved In servicing peripheral Interrupts by 
transferring data between the memory-mapped spe¬ 
cial function registers (SFRs) and memory without the 
use of time consuming interrupt service routines. In 
addition, the macro servicefacility can perform certain 
CPU functions, such as event counting and math- 
oriented data alterations. 

The combination of high-speed hardware convolution 
capability and context switching, eight register banks, 
and the macro service facility makes these devices 
ideal for applications in the hard-disk drive and tape 
drive markets as well as the automotive, office automa¬ 
tion, and Industrial control/robotics markets. 


Features 

□ Complete single-chip microcontroller 

— 16-bit ALU 

— 2048 bytes of RAM 

— 48K bytes of ROM 0 l/PD 78356) or PROM 
0UPD78P356) 

□ Powerful instruction set 

— 16-bit unsigned and signed multiply 

— 16-blt unsigned divide 

— 16-bit multiply and accumulate instruction with 
or without saturation word 

— 16-bit subtraction and accumulate absolute 
value instructions 

— l-bit and 8-blt logic instructions 

— String instructions 

□ Minimum instruction time: 125 ns at 32 MHz 

□ 5-byte instruction prefetch queue 

□ Memory expansion 

— 8- or 16-bit external data bus 

— 64K-byte address space 

□ Large I/O capacity 

— Up to 57 I/O port lines 0uPD78355) 

— Up to 76 I/O port lines 0uPD78356/P356) 

□ Memory-mapped, on-chip peripherals 
(special function registers) 

□ Real-time pulse unit (RPU) 

—Two 16-bit interval timers 

— Two 16-blt timer/event counters 

— One 10-blt interval timer 

— One 16-bit up/down counter 
—Ten 16-blt capture/compare registers 

— Five external interrupt/capture lines 

— Three external event counter inputs 

— Three external timer clear inputs 
—Ten timer outputs 

□ Two pulse-width modulated (PWM) output lines 
with 8-, 10-, or 12-bit precision 

□ One 8-bit real-time output port 

□ Eight-channel, high-speed 10-bit A/D converter; 
conversion time: 2 fjs at 32 MHz 

□ Two-channel, 8-bit D/A converter 


K-Series is a registered trademark of NEC Electronics Inc. 




PPD78356 Family 


Features (cont) 

□ Three-channel serial communications interface 

— Asynchronous serial interface (UART) 

— Clock synchronous serial interface 0 

Full-duplex, three-wire mode 
NEC serial bus interface (SBI) mode 

— Clock synchronous serial interface 1 

Full-duplex three-wire mode 
Pin switching function 

n Programmable priority Interrupt controller (four 
levels) 

□ Three methods of interrupt service 

— Vectored interrupts 

— Context switching with hardware register bank 
switch 

— Macro service mode with choice of five different 
functions 

□ Watchdog timer with dedicated output 

□ STOP and HALT standby functions 

□ Single 5-volt power supply 


Ordering Information 


Part Number 

Package 

ROM 

/iPD78355GC-7EA 

100-pin plastic QFP 
(Dwg P100GC-50-7EA) 

ROMIess 

/iPD78356GC-xxx-7EA 

100-pin plastic QFP 
(Dwg P100GC-50-7EA) 

48K mask 
ROM 

)UPD78P356GC-7EA 

100-pin plastic QFP 
(Dwg P100GC-50-7EA) 

48K OTP 
ROM 

/iPD78P356KP-S 

120-pin ceramic LCC 
with window 
(Dwg X120KW-80A) 

48K UV 
EPROM 


XXX indicates ROM code suffix. 
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fiPD78356 Family 


Pin Configurations 

100-Pin Plastic QFP 


Q.QLCLQLQu££QLS!ObSL(l.(LSISlGLSQl>>S 


§ CO o 


10099 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80 79 i 


P42/AD2 C 

1 

P43/AD3 C 

2 

P44/AD4 C 

3 

P45/AD5 C 

4 

P46/AD6 C 

5 

P47/AD7 C 

6 

P50/AD8 C 

7 

P51/AD9 C 

8 

P52/AD-J0 C 

9 

P53/AD11 C 

10 

P54/AD12 C 

11 

P55/AD13 c 

12 

P56/AD14 C 

13 

P57/AD15 C 

14 

MODE1 C 

15 

MODE2 C 

16 


17 

VdD C 

18 

WDTOC 

19 

ASTB C 

20 

W^C 

21 

P9(/RDC: 

22 

P9i/LWR C 

23 

P92/HWR C 

24 

P93C 

25 


26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

uuUuUUuulJiJiJuLjuLjLjuuiJiJiJLjLjUU 

Ot-weo ^ujconocoot-cmq coQO^” coDOt-csieo^ 


^^Q.a.Q.Q.£t^a.S:Q.|, 
^ £ £ 




] RESET 
] P27/TO2O 
] P26n’CLR2/T021 
] P25^INTP4 
] P24/INTP3 
] P 23 ^INTP 2 
] P22^INTP1/rO05 
] P2i/iNTParroo4 
] P2(/NMI 
] P37/TOIO 
] PSe/ni/Toii 
] POsTTCLRI 
3 P34/SCi^ 

3 P33SI0(ySB1 
3 P32^SOO(ySBO 
3 P3i/RxD 
3 P3o/TxD 
3 AN01 
3 ANOO 
] AVREF3 
3 AVREF2 
3 AVrefi 
3 P 77/ANI7 
3 P7e^ANI6 
3 P75(ANI5 
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Pin Configurations (cont) 

120-Pin Ceramic LCC 



«0 't CO 

SEE 

< ^ ^ 


POo/RTPq/ADTRGO 
POi /RTPi MDTRG1 
PO 2 /RTP 2 /ADTRG 2 
POa/RTPs/ADTRGS 
PO4/RTP4C 
PO5/RTP5 C 
PO0/RTPg C 
PO7/RTP7 C 
PSq/TCLRO C 
P81 /TIOn-003 C 
NCC 
PSaA'Ooo C 
P83/T001 c: 
P 84 n'O 02 C 
P85/TCLRUDC 
NCC 

VssC 

VddH 

NCC 
P86/PWM0 C 
P87/PWMI C 
NCC 
AVssC 
aVddC 
P7o /ANIO C 
P7i /ANI1 C 
P72 /ANI2 C 
NCC 
P73 /ANI3 C 
P74 /ANI4 C 


T-T-T- 0 >C 0 N(OiO<itCOCM 

QOOOO OOOQOO 

OeoQQ K<ou>,. 'teocMT-o,^ 
ZZ>>2SQ.a.Q.ZQ.Q.Q.Q.Q.ZCl.Q.Q.a.D;.Q. 

........'.nnnnnnnnnnnnnnnnnnnnnnnnn 


:o 


Note: 

NC: No connection 


UUUUUUUUUUUUUUUUUUUUUUUUUUUUI 

SiS ESI 28 ^595^85 

Q. 0. 



83YL-9484B (9^93) 
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jtiPD78356 Family 


Pin Functions; Normal Operating Mode 

Pin Name 

Function 

Alternate Pin Name 

Alternate Function 

POo 

Port 0; 8 -bit, bit-selectable I/O port 

RTPo 

ADTRGO 

Real-time output port 

External trigger input for A/D converter 

P01 


RTPi 

ADTRG 1 

Real-time output port 

External trigger input for A/D converter 

P 02 


RTP 2 

ADTRG2 

Real-time output port 

External trigger input for A/D converter 

P 03 


RTP 3 

ADTRG3 

Real-time output port 

External trigger input for A/D converter 

P 04 - P 07 


RTP 4 - RTPy 

Real-time output port 

P 10 -P 17 

Port 1 ; 8 -bit, bit selectable I/O port 



P 2 o 

Port 2; 8 -bit, bit-selectable I/O port 

NMI 

External nonmaskable interrupt 

P 2 i 

(P2o is input only) 

INTPO 

TO04 

External maskable interrupt 

Timer output from real-time pulse unit 

P 22 


INTP 1 

TO05 

External maskable interrupt 

Timer output from real-time pulse unit 

P23 


INTP2 

External maskable interrupt 

P24 


INTP3 

External maskable interrupt 

P25 


INTP4 

External maskable interrupt 

P26 


TCLR2 

T021 

Clear input to real-time pulse unit 

Timer output from real-time pulse unit 

P27 


TO20 

Timer output from real-time pulse unit 

P3o 

Port 3; 8 -bit, bit-selectable I/O port 

TxD 

Asynchronous serial transmit data output 

P3i 


RxD 

Asynchronous serial receive data input 

P32 


SOOO 

SBO 

Serial data output; three-wire serial I/O mode 

I/O bus for NEC serial bus interface mode 

P33 


SlOO 

SB 1 

Serial data input; three-wire serial I/O mode 

I/O bus for NEC serial bus interface mode 

P34 


SCKOO 

Serial clock I/O for synchronous serial interface 

P35 


TCLR1 

Clear input to real-time pulse unit 

P36 


TI1 

T011 

External clock to timer 1 

Timer output from real-time pulse unit 

P37 


TO10 

Timer output from real-time pulse unit 

P4o-P47 

Port 4; 8 -blt, byte-selectable I/O port 
(78356/P356) 

ADq - AD 7 

Low-order 8 bits of external multiplexed address/data 
bus 

P5o-P57 

Port 5; 8 -bit, bit-selectable I/O port 
(78356/P356) 

AD 0 - ADi 5 

High-order 8 bits of external multiplexed address/data 
bus 

P7o-P77 

Port 7; 8 -blt input port 

ANIO - ANI7 

Analog inputs to A/D converter 
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Pin Functions; Normai Operating Mode (cont) 

Pin Name 

Function 

Alternate Pin Name 

Alternate Function 

PSq 

Port 8 ; 8 -bit, bit-selectable I/O port 

TCLRO 

Clear input to real-time pulse unit 

P 8 i 


TIO 

TO03 

External count clock to timer 0 

Timer output from real-time pulse unit 

P 82 


TOOO 

Timer output from real-time pulse unit 

P 83 


TO01 

Timer output from real-time pulse unit 

P 84 


TO02 

Timer output from real-time pulse unit 

P 85 


TCLRUD 

Clear input to real-time pulse unit 

P 86 


PWMO 

Pulse-width modulated output 

P 87 


PWM1 

Pulse-width modulated output 

P9o 

Port 9; 4-bit, bit-selectable I/O port 

RD 

External memory read strobe output 

P9l 

(P9o to P 92 on 78356/P356) 

LWR 

External memory write strobe output to low-order 8 - 
bits in memory 

P92 


HWR 

External memory write strobe output to high-order 
8 -blts in memory 

P93 




PIO 0 

Port 10; 8 -bit, bit-selectable I/O port 

SO10 

Serial data output; three-wire serial I/O mode 

PIO 1 


SI10 

Serial data input; three-wire serial I/O mode 

PIO 2 


SCK10 

Serial clock I/O for synchronous serial interface 

PIO 3 


soil 

Serial data output; three-wire serial I/O mode 

PIO 4 


Sill 

Serial data input; three-wire serial I/O mode 

PIO 5 


SCK11 

Serial clock I/O for synchronous serial interface 

P 106 


TIUD 

External clock for up/down counter 

PIO 7 


TCUD 

Up/down counter count direction control signal 

ANOO, AN01 

Analog outputs from D/A converter 



ASTB 

Address strobe output; used to latch 
address for external memory 



CLKOUT 

Output of the system clock 



MODEO, 

MODE1 

Set MODEO and MODE1 to Vss to 
access internal program memory on 
78356/P356. If all program memory is 
external, set MODEO to Vdd and 

MODE1 to to Vss ^or an 8 -bit data 
bus. Or set both to Vqq for a 16-bit 
data bus. 




To place 78P356 in programming 
mode, set MODEO to Vqd and MODE1 
to Vss- The level of this pin cannot be 
changed during normal operation. 



NC 

Pins labeled NC are not internally 
connected and may be connected to 

Vss 



RESET 

External system reset input 




A low-level Input adds wait states to 
the external bus cycle 



WDTO 

Open-drain output from the watchdog 
timer 
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Pin Functions; Normal Operating Mode (cont) _ 

Pin Name Function Alternate Pin Name Alternate Function 


X1 

Crystal connection or 
external clock input 

X2 

Crystal connection or 
open for external clock 

AVdd 

A/D converter power input 

AVrefi 

A/D converter reference voltage high 

AVreF2 

D/A converter reference voltage high 

AVreF3 

D/A converter reference voltage low 

AVss 

A/D converter ground 

VdD 

+ 5 volt power input 


Vss Ground 
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Block Diagram; /iPD78356 Family 


INTP0-INTP4 r 
(P21-P25) '■ 


T10/TO03 (P8i) - 
TI1/T011 (P36) - 
TOGO (P 82 ) ' 
TO01 (P 83 ) * 
TO02 (P 84 ) ' 
TO04 (P2i) - 
TO05 (P22) - 
TO10 (P 37 ) - 
TO20 (P 27 ) < 
TCLRO (P 80 ) - 
TCLR1 (P 35 ) - 
TCLR2n'021 (P26) - 
TUID (PlOe) - 
TCUD (PIO 7 ) - 
TCLRUD (P 85 ) - 

SCKOO (P 34 ) * 
SOOO (P32) * 
SlOO (P 33 ) ' 
SCKIO (PIO 2 ) ' 
SI10(P10i) - 
SOIO(PIOo) * 
SCKil (PIO 5 ) ' 
Sill (PIO 4 ) - 
S011 (PIO 3 ) ^ 
TxD(P3o)- 
RxD (P3i) - 


Programmable 

Interrupt 

Controller 


Timer/Counter 

Unit 

(Real-Time 
Pulse Unit) 


Serial Interface 
(SBI) 
(UART) 


Main RAM 
General 
Registers 
128 Bytes 
& 

Data Memory 
128 Bytes 


Micro Sequence 
Control 


Memory Control 


Internal 
Program 
Memory 
48K Bytes 

fiPD78356^ 

P356 


Peripheral 

RAM 

1792 Bytes 


Pulse-Width 

Modulator 


D/A 

Converter 


Watchdog -> WDTO 

Timer I 


• PWMO (PSe) 
PWM1 (P 87 ) 


► RD (P9o) 

- LWR (P9i) 

- HWR (P92) 

- W^ 

- MODE1 

- MODEOA/pp* 
ADa-ADis 

' (P50-P57) 
ADQ-AD 7 
' (P40-P47) 


PIO 0 -PIO 7 


ANI0-ANI7 (P7) 
ADTRG0-ADTRG3 
(PO 0 -PO 3 ) 

avdd — 


A/D Converter 
(10 Bit) 

(8 Channels) 


Real-Time 
Output Port 


RTP0-RTP7 

(PO 0 -PO 7 ) 


■ Vpp applies to (iPD78P356 


83RD-9428B (10^3) 
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PPD78356 Family 


FUNCTIONAL DESCRIPTION 


Internal Program Memory 


Central Processing Unit 

The central processing unit (CPU) of the jL/PD78356 
family features 16-blt arithmetic including 16 x 16-bit 
multiply, both unsigned and signed, and 32 x 16-bit 
unsigned divide (producing a 32-bit quotient and a 
16-bit remainder). The signed multiply executes In 
0.875 /iS and the divide in 2.69 /js at 32 MHz. 

Also, a multiply-and-accumulate instruction, MACW n, 
performs a signed multiply on factors from a pair of 
tables and sums the results in the 32-bit register AXDE. 
The total execution time for 10 terms is 13.44 (js at 32 
MHz. 

A subtract and accumulate absolute values instruc¬ 
tion, SACW [DE+], [HL+], subtracts corresponding 
factors of two tables and calculates the sum of the 
absolute values of these subtractions. The total execu¬ 
tion time for two tables of 10 terms each is 17.125 fjs at 
32 MHz. 

A CALLT vector table and a CALLF area decrease the 
number of bytes in the call Instructions for commonly 
used subroutines. A 1-byte call instruction can access 
up to 32 subroutines through their addresses in the 
CALLT vector table. A 2-byte cal I instruction can access 
any routine beginning in a specific CALLF area. 

The Internal system clock (fcLk) is generated by divid¬ 
ing the oscillator frequency by 2. Therefore, at the 
maximum oscillator frequency of 32 MHz, the clock Is 16 
MHz with a 62.5 ns clock cycle. Since instructions 
execute in two or more cycles, the minimum instruction 
time is 125 ns. 

Internal RAM 

The ^PD78356 family has a maximum of 2048 bytes of 
internal FIAM. The upper 256-byte area (FEOOH-FEFFH) 
features high-speed data access of one data word per 
two internal system clocks and Is known as “main 
RAM.” The remainder (F700H-FDFFH) is accessed at 
the same speed as external memory (one word per 
three internal system clocks) and is known as “periph¬ 
eral RAM.” The/JPD78356 family can be programmed to 
have IK or 2K bytes of internal RAM. The general 
register banks and the macro service control words are 
stored In main RAM. The remainder of main RAM and 
any unused register bank locations are available for 
general storage. 


The 78356 contains up to 48K bytes of mask ROM and 
the 78P356 up to 48K bytes of UV EPROM or OTP ROM. 
The 78356/P356 can be programmed to have 16K, 24K, 
32K, or 48K bytes of Internal program memory by using 
the memory expansion mode register (MM). Instruc¬ 
tions are fetched from this internal memory at a maxi¬ 
mum rate of one word every two internal system 
clocks. The 78355 does not have internal program 
memory. 


External Memory 


The /iPD78356 family has a 64K-byte address space. 
The 78356/P356 can access 0, 256, 4K, or 16K bytes of 
external memory In the area from COOOH to F6FFH. 
External memory can be either ROM, RAM, or periph¬ 
eral devices as required. The 78356/P356 can have an 8- 
or 16-bit wide external data bus with a 16-bit wide 
external address bus. The data bus size is specified on 
16K-byte boundaries by the programmable wait control 
register (PWC). The upper 16K-block includes only 
external memory addresses COOOH to F6FFH and the 
external SFR area, FFDOH to FFDFH. 


For 8-bit data bus operation of the 78356/P356, data 
bits are multiplexed with low-order address bits at port 
4. The high-order address bits are taken from port 5 as 
required. The memory mode register (MM) controls the 
size of the external memory. It can be programmed to 
use 0, 4, 6, or 8 bits from port 5 for the high-order 
address. Any remaining port 5 bits can be used f or I/O . 
The address latch (ASTB), read (RD), and write (LWR) 
strobes are provided from port 9. 


5d 


For 16-bit data bus operation of the 78356/P356, low- 
order data bits are multiplexed with low-order address 
bits at port 4. High-order data bits are multiplexed with 
high-order address bits at p ort 5. The addr ess latch, 
read, and two write strobes (LWR and HWR) are pro¬ 
vided from port 9. 


The 78355 does not have ports 4 and 5. The MODEO and 
MODE1 pins specify whether the ROMIess 78355 has an 
8 - or 16-bit data bus. When set for an 8-bit data bus, it 
has eight dedicated high-order address lines and eight 
multiplexed low-order address and data lines. When 
set for a 16-bit bus, it has 16 dedicated address/data 
lines. All memory below address F700H must be exter¬ 
nal. 


Table 1 summarizes the operation of the /iPD78356 
family during word and byte accesses (on even or odd 
addresses) to external memory and the external SFR 
access area In 16-bit data bus mode. 
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Table 1. 16-Bit Bus Access Cycles 


Addr Operation 

RDt 

LWRt 

HWRt 

Data 

Word Access 

Even Write 

1 

0 

0 

ADq - AD -15 

Read 

0 

1 

1 

ADq - ADi5 

Odd* Write 

1 St byte 

1 

1 

0 

ADq - AD -15 

2 nd byte 

1 

0 

1 

ADq - ADy 

Read 

1 St byte 

0 

1 

1 

AD3 - ADi5 

2 nd byte 

0 

1 

1 

ADq - ADy 

Byte Access 

Even Write 

1 

0 

1 

ADq - ADy 

Read 

0 

1 

1 

ADq ” ADy 

Odd Write 

1 

1 

0 

ADs-AD i5 

Read 

0 

1 

1 

ADs - AD-J5 


* Word access to an odd address is accomplished by two byte 
accesses: 1st byte from odd address; 2nd byte from odd address 
plus 1. 


t 1 = Inactive, 0 = Active 

The programmable wait control register (PWC) also 
allows the programmer to specify one or two additional 
wait states If they are required for low-speed memory or 
external peripheral devices. These wait states are 
specified Independently in 16K blocks and are applica¬ 
ble to internal ROM, external memory, and the external 
SFR access area If additional wait states are required, 
an external WAIT pin is provided. 

In addition, the width of the ASTB signal can be in¬ 
creased by one internal clock cycle to allow more 
precharge time for dynamic RAMs or more decoding 
time for addresses. This address wait can be enabled In 
32K-byte blocks by using the PWC register and is also 
applicable to internal ROM, external memory, and the 
external SFR access area. 

Program Fetch 

The /L/PD78356 family allows opcode fetch in the area 
between OOOOH and FDFFH; fetches from addresses 
F700H to FDFFH are always from the peripheral RAM. 
The /iPD78356 family contains a 5-byte instruction 
prefetch queue. The bus control unit can fetch an 
instruction byte from memory during cycles in which 
the execution unit is not using the memory bus. If the 
instruction byte Is fetched from internal memory, a 
minimum of two Internal system clocks are required for 
each byte, and the queue can hold 5 bytes. If the 
Instruction is fetched from external memory, a mini¬ 
mum of three Internal system clocks are required from 
each byte, and the queue can hold 3 bytes. 


Instructions can be fetched from internal memory In 
either high-speed or normal fetch cycle mode using the 
16-bit bus. The PWC register is used to select the mode 
for each 16K block. In high-speed fetch cycle mode, two 
internal system clocks are required to fetch an instruc¬ 
tion word from internal ROM/PROM or the peripheral 
RAM. In normal fetch cycle mode, each word fetched 
from internal ROM/PROM requires three, four, or five 
internal system clocks (address wait can also be in¬ 
cluded) depending on the setting of the PWC register. 

Instructions can be fetched from external memory 
using either an 8- or 16-blt bus. Only normal fetch cycle 
mode is available and each byte or word fetched re¬ 
quires three, four, or five Internal system clocks. One 
address wait state can also be Included depending on 
the setting of the PWC register. 

CPU Control Registers 

Program Counter. The program counter is a 16-bit 
register that holds the address of the next instruction 
to be executed. After reset line goes high, the program 
counter Is loaded with the address stored in locations 
OOOOH and 0001H. 

Stack Pointer. The stack pointer is a 16-bit register 
that holds the address of the last Item pushed onto the 
stack. It is decremented before new data is pushed 
onto the stack and incremented after data Is popped 
off the stack. 

CPU Control Word. The CPU control word (CCW) 
selects the origin of the interrupt vector and CALLT 
tables. If the TPF bit (bit 1) is zero, the origin is OOOOH; 
if the TPF bit is one, the origin Is 8000H. The CCW is a 
special function register located at ad dress F FC1H. 
The addresses of the vectors for the RESET Input, 
operation-code trap, and BRK instruction are fixed at 
OOOOH, 003CH, and 003EH, respectively, and are not 
altered by the TPF bit. 

Program Status Word. The program status word 
(PSW) is a 16-bit register contain! ng flags that are set or 
reset depending on the results of an Instruction. This 
register can be written to or read from 8 bits at a time. 
The high-order 8 bits are called the PSWH and the 
low-order 8 bits are called the PSWL. The Individual 
flags can also be manipulated on a bit-by-bit basis. The 
assignment of PSW bits follows. 
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7 6 5 4 3 2 1 0 


UF 

RBS2 

RBS1 

RBSO 

0 

0 

0 

0 

7 

6 

5 

4 

3 

2 

1 

0 

S 

Z 

RSS 

AC 

IE 

PW 

0 

CY 


UF User flag 

RBS2-RBS0 Active register bank number 

S Sign flag (1 if last result was negative) 

Z Zero flag (1 if last result was zero) 

RSS Register set selection flag 

AC Auxiliary carry flag (carry out of 3 bit) 

IE Interrupt enable flag 

PA/ Parity or arithmetic overflow flag 

CY Carry bit (or 1-bit accumulator for logic) 


General Registers 

There are sixteen 8-bit general registers, which can 
also be paired to function as 16-bit registers. A com¬ 
plete set of 16 registers is mapped into each of eight 
program-selectable register banks stored in main RAM. 
Three bits in the PSW specify the active register bank. 

Registers have functional names (like A, X, B, C for 8-bit 
registers and AX, BC for 16-bit registers) and absolute 
names (like R1, RO, R3, R2 for 8-bit registers and RPO, 
RP1 for 16-blt registers). Each instruction determines 
whether a register is referred to by functional or abso¬ 
lute name and whether It is 8 or 16 bits. 

Two possible relationships may exist between the ab¬ 
solute and functional names of the first four register 
pairs. The RSS bit In the PSW determines which of these 
is active at any time. The effect is that the accumulator 
and counter registers can be saved, and a new set can 
be specified by toggling the RSS bit. Figure 1 illus¬ 
trates the general register configuration. 


Figure 1. General Registers 


Register Storage RSS = 0 

1H OH 



5d 
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Addressing 

The )l/PD 78356 family features l-byte addressing of 
both the special function registers and the portion of 
on-chip RAM from FE20H to FEFFH. The l-byte sfr 
addressing accesses the entire SFR area, while the 
1-byte saddr addressing accesses the first 32 bytes of 
the SFR area and 224 bytes of the main RAM. 

The 16-blt SFRs and words of memory in these areas 
can be addressed by 1-byte saddrp addressing, which 
Is valid for even addresses only. Since many instruc¬ 
tions use 1-byte addressing, access to these locations 
is almost as fast and as versatile as access to the 
general registers. 

There are nine addressing modes for data in main 
memory: direct, register, register Indirect with autoin¬ 
crement or autodecrement, saddr, saddr indirect, SFR, 
based, indexed, and based indexed. There are also 
8-bit and 16-bit immediate operands. Figure 2 is the 
memory map of the/iPD78356 family. 


12 




JUPD78356 Family 


Figure 2. Memory Map 


Address Space 
64K Bytes 


BFFFH 

COOOHl 


F6FFH| 

FFFFH 



/OOOOH 

General Memory 

0800H 

OFFFH 

CALLFArea 



Primary Vector Table 

'OOOOH 

Interrupt 

Vector Table 


64 Bytes 
(32 Addresses) 

003FH 


0040H 

CALLT 

Vector Table 


64 Bytes 
(32 Addresses) 

007FH 



Alternate Vector Table 


8000H 


Internal 

Program Memory 
49.152 Bytes 
(Must be external 
memory In nPD78356) 


Interrupt 
Vector Table 
64 Bytes 
(32 Addresses) 


CALLT 
Vector Table 
64 Bytes 
(32 Addresses) 
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Special Function Registers 

The input/output ports, timers, capture and compare 
registers, and mode and control registers for both the 
peripherals and the CPU are collectively known as 
special function registers. They are all memory- 
mapped between FFOOH and FFFFH and can be ac¬ 
cessed either by main memory addressing or by 1-byte 
SFR addressing. All can be read under program con¬ 
trol, and most can also be written. They are either 8 or 


16 bits, as required, and many of the 8-bit registers are 
capable of single-bit access as well. 

Locations FFDOH through FFDFH are known as the 
external access area. Registers in external circuitry, 
interfaced and mapped to these addresses, can be 
addressed with SFR addressing. Table 2 lists the spe¬ 
cial function registers. 


Table 2. Special Function Registers 






Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

FFOOH 

Porto 

PO 

R/W 

X 

X 

— 

Undefined 

FF01H 

Port1 

PI 

R/W 

X 

X 

— 

Undefined 

FF02H 

Port 2 (Note 1) 

P2 

R/W 

X 

X 

— 

Undefined 

FF03H 

Ports 

P3 

R/W 

X 

X 

— 

Undefined 

FF04H 

Port 4 

P4 

R/W 

X 

X 

— 

Undefined 

FF05H 

Port 5 

P5 

R/W 

X 

X 

- 

Undefined 

FF07H 

Port 7 

P7 

R 

X 

X 

— 

Undefined 

FF08H 

Ports 

P8 

R/W 

X 

X 

— 

Undefined 

FF09H 

Ports 

P9 

R/W 

X 

X 

— 

Undefined 

FFOAH 

Port 10 

P10 

R/W 

X 

X 

- 

Undefined 

FF10H-FF11H 

Capture/compare register 00 

CCOO 

R/W 

— 

— 

X 

Undefined 

FF12H-FF13H 

Capture/compare register 01 



— 

— 

X 

Undefined 

FF14H-FF15H 

Capture/compare register 02 

CC02 

R/W 

— 

— 

X 

Undefined 

FF16H-FF17H 

Capture/compare register 30 

CC30 

R/W 

— 

— 

X 

Undefined 

FF18H-FF19H 

Capture/compare register 31 

CC31 

R/W 

— 

— 

X 

Undefined 

FF1AH-FF1BH 

Compare register 00 

CMOO 

R/W 


— 

X 

Undefined 

FF1CH-FF1DH 

Compare register 01 

CM01 

R/W 

— 

— 

X 

Undefined 

FF1EH-FF1FH 

Compare register 02 

CM02 

R/W 

_ 

_ 

X 

Undefined 

FF20H 

Port 0 mode register 

PMO 

R/W 

X 

X 

— 

FFH 

FF21H 

Port 1 mode register 

PM1 

R/W 

X 

X 

— 

FFH 

FF22H 

Port 1 mode register (Note 2) 

PM2 

R/W 

X 

X 

— 

FFH 

FF23H 

Port 3 mode register 

PM3 

R/W 

X 

X 

— 

FFH 

FF25H 

Port 5 mode register 

PM5 

R/W 

X 

X 

— 

FFH 

FF28H 

Port 8 mode register 

PM8 

R/W 

X 

X 

— 

FFH 

FF29H 

Port 9 mode register 

PM9 

R/W 

X 

X 

— 

OFH 

FF2AH 

Port 10 mode register 

PM10 

R/W 

X 

X 

— 

FFH 

FF30H-FF31H 

Timer register 0 

TMO 

R 

— 

— 

X 

OOH 

FF32H-FF33H 

Timer register 1 

TM1 

R 

— 

— 

X 

OOH 

FF34H-FF35H 

Timer register 2 

TM2 

R 

— 

— 

X 

OOH 

FF36H-FF37H 

Timer register 3 

TM3 

R 

— 

— 

X 

OOH 

FF38H.FF39H 

Timer register 4 


R 

- 

- 

X 

OOH 
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Table 2. Special Function Registers (cont) _ 

Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

FF3AH-FF3BH 

Presettable up/down counter register 

UDC 

R/W 

— 

— 

X 

OOH 

FF3CH 

External interrupt mode register 0 

INTMO 

R/W 

X 

X 

— 

OOH 

FF3DH 

External interrupt mode register 1 

INTM1 

R/W 

X 

X 

— 

OOH 

FF40H 

Port 0 mode control register 

PMCO 

R/W 

X 

X 

— 

OOH 

FF42H 

Port 2 mode control register (Note 3) 

PMC2 

R/W 

X 

X 

— 

01 H 

FF43H 

Port 3 mode control register 

PMC3 

R/W 

X 

X 

— 

OOH 

FF44H 

Pullup resistor option register L 

PUOL 

R/W 

X 

X 

— 

OOH 

FF45H 

Pullup resistor option register H 

PUOH 

R/W 

X 

X 

— 

OOH 

FF48H 

Port 8 mode control register 

PMC8 

R/W 

X 

X 

— 

OOH 

FF4AH 

Port 10 mode control register 

PMC10 

R/W 

X 

X 

— 

OOH 

FF50H-FF51H 

Compare register 03 

CM03 

R/W 

— 

— 

X 

Undefined 

FF52H-FF53H 

Compare register 10 

CM10 

R/W 

— 

— 

X 

Undefined 

FF54H-FF55H 

Compare register 11 

CM11 

R/W 

— 

— 

X 

Undefined 

FF56H-FF57H 

Compare register 20 

CM20 

R/W 

— 

— 

X 

Undefined 

FF58H-FF59H 

Compare register 21 

CM21 

R/W 

— 

— 

X 

Undefined 

FF5AH-FF5BH 

Compare register 40 

CM40 

R/W 

— 

— 

X 

Undefined 

FF5CH-FF5DH 

Up/down counter compare register 0 

CMUDO 

R/W 

— 

— 

X 

Undefined 

FF5EH-FF5FH 

Up/down counter compare register 1 

CMUD1 

R/W 

— 

— 

X 

Undefined 

FF60H 

Real-time output port register L 

RTPL 

R/W 

X 

X 

— 

Undefined 

FF61H 

Real-time output port register H 

RTPH 

RAV 

X 

X 

— 

Undefined 

FF62H 

Port read control register 

PRDC 

R/W 

X 

X 

— 

OOH 

FF63H 

Real-time output port mode register 

RTPM 

R/W 

X 

X 

— 

OOH 

FF68H 

A/D converter mode register 0 

ADMO 

R/W 

X 

X 

— 

OOH 

FF69H 

A/D converter mode register 1 

ADM1 

R/W 

X 

X 

— 

07H 

FF6AH 

D/A conversion setup register 0 

DACSO 

R/W 

X 

X 

— 

OOH 

FF6BH 

D/A conversion setup register 1 

DACS1 

R/W 

X 

X 

— 

OOH 

FF6AH-FF6BH 

D/A conversion setup register 

DACS 

R/W 

— 

— 

X 

OOOOH 

FF70H 

Timer unit mode register 0 

TUMO 

R/W 

X 

X 

— 

OOH 

FF71H 

Timer unit mode register 1 

TUMI 

R/W 

X 

X 

— 

OOH 

FF72H 

Timer unit mode register 2 

TUM2 

R/W 

X 

X 

— 

OOH 

FF73H 

Timer unit mode register 3 

TUM3 

R/W 

X 

X 

— 

OOH 

FF74H 

Timer control register 0 

TMCO 

R/W 

X 

X 

— 

OOH 

FF75H 

Timer control register 1 

TMC1 

R/W 

X 

X 

— 

OOH 

FF76H 

Timer control register 2 

TMC2 

R/W 

X 

X 

— 

04H 

FF77H 

Up/down counter control register 

UDCC 

R/W 

X 

X 

— 

OOH 

FF78H 

Timer output control register 0 

TOCO 

R/W 

X 

X 

— 

OOH 

FF79H 

Timer output control register 1 

TOC1 

R/W 

X 

X 

— 

OOH 

FF7AH 

Timer output control register 2 

TOC2 

R/W 

X 

X 

— 

OOH 

FF7BH 

Timer overflow status register (Note 4) 

TOVS 

R/W 

X 

X 

— 

OOH 

FF7CH 

Noise protection control register 

NPC 

RAV 

X 

X 

— 

OOH 
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Table 2. Special Function Registers (cont) ___ 

Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

FF80H 

Clock synchronous serial interface mode 
register 0 

CSIMO 

R/W 

X 

X 


OOH 

FF82H 

Serial bus interface control register (Note 5) 

SBIC 

R/W 

X 

X 

— 

OOH 

FF86H 

Serial I/O shift register 0 

SlOO 

R/W 

X 

X 

— 

Undefined 

FF88H 

Asynchronous serial interface mode register 

ASIM 

R/W 

X 

X 

- 

80H 

FF8AH 

Asynchronous serial interface status register 

AS IS 

R 

X 

X 

— 

OOH 

FF8CH 

Serial reception buffer; UART 

RxB 

R 

— 

X 

— 

Undefined 

FF8EH 

Serial transmission shift register: UART 

TxS 

W 

— 

X 

__ 

Undefined 

FF90H 

Clock synchronous serial Interface mode 
register 1 

CSIM1 

R/W 

X 

X 

— 

OOH 

FF96H 

Serial I/O shift register 1 

SI01 

R/W 

X 

X 

— 

Undefined 

FFAOH 

PWM control register 

PWMC 

R/W 

X 

X 

— 

OOH 

FFA2H 

PWM register OL 

PWMOL 

R/W 

X 

X 

— 

Undefined 

FFA2H-FFA3H 

PWM register 0 

PWMO 

R/W 

— 

— 

X 

Undefined 

FFA4H 

PWM register 1L 

PWM1L 

R/W 

X 

X 

— 

Undefined 

FFA4H-FFA5H 

PWM register 1 

PWM1 

R/W 

— 

— 

X 

Undefined 

FFA8H 

Inservice priority register 

ISPR 

R 

X 

X 

- 

OOH 

FFAAH 

Interrupt mode control register 

IMC 

R/W 

X 

X 

— 

80H 

FFACH 

Interrupt mask register OL 

MKOL 

R/W 

X 

X 

— 

FFH 

FFACH-FFADH 

Interrupt mask register 0 

MKO 

R/W 

— 

— 

X 

FFFFH 

FFADH 

Interrupt mask register OH 

MKOH 

R/W 

X 

X 

— 

FFH 

FFAEH 

Interrupt mask register 1L 

MK1L 

R/W 

X 

X 

— 

FFH 

FFAEH-FFAFH 

Interrupt mask register 1 

MK1 

R/W 

— 

— 

X 

OOFFH 

FFB0H-FFB1H 

A/D conversion result register 0 

ADCRO 

R 

— 

— 

X 

Undefined 

FFB1H 

A/D conversion result register OH 

ADCROH 

R 

— 

X 

— 

Undefined 

FFB2H-FFB3H 

A/D conversion result register 1 

ADCR1 

R 

— 

— 

X 

Undefined 

FFB3H 

A/D conversion result register 1H 

ADCR1H 

R 

— 

X 

— 

Undefined 

FFB4H-FFB5H 

A/D conversion result register 2 

ADCR2 

R 

— 

— 

X 

Undefined 

FFB5H 

A/D conversion result register 2H 

ADCR2H 

R 

— 

X 

— 

Undefined 

FFB6H-FFB7H 

A/D conversion result register 3 

ADCR3 

R 

— 

— 

X 

Undefined 

FFB7H 

A/D conversion result register 3H 

ADCR3H 

R 

— 

X 

— 

Undefined 

FFB8H-FFB9H 

A/D conversion result register 4 

ADCR4 

R 

— 

— 

X 

Undefined 

FFB9H 

A/D conversion result register 4H 

ADCR4H 

R 

— 

X 

— 

Undefined 

FFBAH-FFBBH 

A/D conversion result register 5 

ADCR5 

R 

— 

— 

X 

Undefined 

FFBBH 

A/D conversion result register 5H 

ADCR5H 

R 

— 

X 

— 

Undefined 

FFBCH-FFBDH 

A/D conversion result register 6 

ADCR6 

R 

— 

— 

X 

Undefined 

FFBDH 

A/D conversion result register 6H 

ADCR6H 

R 

— 

X 

— 

Undefined 

FFBEH-FFBFH 

A/D conversion result register 7 

ADCR7 

R 

— 

— 

X 

Undefined 

FFBFH 

A/D conversion result register 7H 

ADCR7H 

R 

— 

X 

— 

Undefined 

FFCOH 

Standby control register (Note 6) 

STBC 

R/W 

_ 

X 

— 

0000 xOOOB 

FFC1H 

CPU control word 

CCW 

R/W 

X 

X 

- 

OOH 
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Table 2. Special Function Registers (cont) 

Access Units (Bits) 


Address 

Register (SFR) 

Symbol 

R/W 

1 

8 

16 

State After Reset 

FFC2H 

Watchdog timer mode register (Note 6 ) 

WDM 

R/W 

— 

X 

— 

OOH 

FFC4H 

Memory expansion mode register 

MM 

R/W 

X 

X 

— 

OOH 

FFC6H-FFC7H 

Programmable wait control register 

PWC 

R/W 

— 

— 

X 

COAAH 

FFDOH-FFDFH 

External SFR area 

— 

R/W 

X 

X 

— 

Undefined 

FFEOH 

Interrupt control register (INTOVO) 

OVICO 

R/W 

X 

X 

— 

43H 

FFE1H 

Interrupt control register (INTOV3) 

OVIC3 

R/W 

X 

X 

— 

43H 

FFE 2 H 

Interrupt control register (INTPO/INTCCOO) 

PICO 

R/W 

X 

X 

— 

43H 

FFE3H 

Interrupt control register (INTP1/INTCC01) 

PIC1 

R/W 

X 

X 

— 

43H 

FFE4H 

Interrupt control register (INTP2/INTCC02) 

PIC2 

R/W 

X 

X 

— 

43H 

FFE5H 

Interrupt control register (INTP3/INTCC30) 

PICS 

R/W 

X 

X 

— 

43H 

FFE 6 H 

Interrupt control register (INTP4/INTCC31) 

PIC4 

R/W 

X 

X 

— 

43H 

FFE7H 

Interrupt control register (INTCMOO) 

CMICOO 

R/W 

X 

X 

— 

43H 

FFE 8 H 

Interrupt control register (INTCM01) 

CMIC01 

R/W 

X 

X 

— 

43H 

FFE9H 

Interrupt control register (INTCM02) 

CMIC02 

R/W 

X 

X 

— 

43H 

FFEAH 

Interrupt control register (1NTCM03) 

CMIC03 

R/W 

X 

X 

— 

43H 

FFEBH 

Interrupt control register (INTCM 10 ) 

CMIC10 

R/W 

X 

X 

— 

43H 

FFECH 

Interrupt control register (1NTCM11) 

CMIC11 

R/W 

X 

X 

— 

43H 

FFEDH 

Interrupt control register (INTCM20) 

CMIC20 

R/W 

X 

X 

— 

43H 

FFEEH 

Interrupt control register (INTCM21) 

CMIC21 

R/W 

X 

X 

__ 

43H 

FFEFH 

Interrupt control register (INTCM40) 

CMIC40 

R/W 

X 

X 

— 

43H 

FFFOH 

Interrupt control register (INTCMUDO) 

CMICUDO 

R/W 

X 

X 

- 

43H 

FFF1H 

Interrupt control register (INTCMUD1) 

CMICUD1 

R/W 

X 

X 

— 

43H 

FFF2H 

Interrupt control register (INTSER) 

SERIC 

R/W 

X 

X 

— 

43H 

FFF3H 

Interrupt control register (INTSR) 

SRIC 

R/W 

X 

X 

— 

43H 

FFF4H 

Interrupt control register (INTST) 

STIC 

R/W 

X 

X 

— 

43H 

FFF5H 

Interrupt control register (INTCSIO) 

CSIICO 

R/W 

X 

X 

— 

43H 

FFF 6 H 

Interrupt control register (INTCSI 1 ) 

CSIIC1 

R/W 

X 

X 

— 

43H 

FFF7H 

Interrupt control register (INTAD) 

ADIC 

R/W 

X 

X 

— 

43H 


Notes: 

(1) P2 bit 0 is read only 

(2) PM2 bit 0 is always 1. 

(3) PMC2 bit 0 is always 1. 

(4) TOYS bits 6 and 7 are always 0; bits 1,2, 4, and 5 are read/write; 
bits 0 and 3 are read only. 

(5) SBIC bits 5 and 7 are read/write; bits 2, 3, and 6 are read only; 
bits 0, 1, and 4 are write only. 

(6) Protected register that can be written by a special instruction 
only. 
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Input/Output Ports 

The 78355 has a total of 57 I/O lines. The 78356/P356 
have an additional 19 for a total of 76 I/O lines. Ports PO, 
PI, P3, P8, and P10 are tri-state, 8-bit input/output ports 
and P7 is an 8-bit input port. Port P2 is an 8-bit I/O port 
with pin P2o always an input. Bit 3 of port 9 is available 
as an I/O line at all times. All the I/O bits in POto P3 and 
P8 to P10 can be individually selected for either input or 
output. 

Each pin of P2 can be programmed for rising or falling 
edge detection; pins 1 to 7 can also be programmed for 
both rising and falling edge detection. 

Software programmable internal pull up resistors are 
available at each pin of ports PO to P3 and P8 to P10 
except P2o. These resistors are enabled on a port basis 
for all I/O pins set to input mode. 

The output level of the PO to P3 and P8 to P10 I/O pins 
can be tested to determine whether they agree with the 
contents of the output latch. When the low-order bit of 
port read control register PRDC is set to 1, the output 
level of the I/O pins can be read with the port still in the 
output mode. These data values can be compared with 
the data known to be in the output latch to determine if 
the port is functioning correctly. Figure 3 shows the 
structure of each port pin. 

The 19 additional I/O lines in the 78356/P356 are P4, P5, 
and bits 0 to 2 of P9. These ports are available if 
external memory or memory-mapped external cir¬ 
cuitry is not being used. Port 4 is shared with the 
low-order address/data bus (ADq to ADy) and is byte- 
selectable for input or output. Port 5 is shared with the 
high-order address bus in 8-bit bus mode or the high- 
order address/data bus in 16-bit bus mode. Depending 
on the amount of external memory used, either 8, 4, 2, 
or 0 bits of port 5 are available for bit-selectable I/O. 
Port 9 is a 4-bit, bit-selectable I/O port. One of Its pins is 
shared with the read strobe and two others with the 
high and low write strobes. Internal pullup resistors are 
available at each pin of port 4 and 5 when they are set 
to Input mode. 
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Figure 3. I/O Circuits 


Typel. WATT, MODEO, M0DE1 


Type 8. POo-POa, P21-P27, P32-P36, PSq, P81, P85, PIO1, PIO2, PIO4-PIO7 




Type 2. P2o, RESET 



Schmitt trigger iriput with hysteresis characteristics. 


Comparator 



Vref 

(Threshoid voltage) 


Type 3. CLKOUT 


Type 12. ANOO.ANOI 



Type 4. ASTB 



Push-pull output where the output can be 

placed In high impedance 

(Both the P and N channels are off.) 

Types. PO4-PO7, PI, P3o, P3i, P37, P4, PS 
P82-P84, P86, P87, P9 , PIOq, PIO3 


Analolg output 
voltage ' 


Type 14. WDTO 
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Pulse-Width Modulated Outputs 

The /YPD78356 family has two high-speed, pulse-width 
modulated (PWM) outputs. A single 12-bit, free-running 
counter counts the internal system clock fcLK/2 and 
serves both outputs. The resolution is 125 ns per bit at 
32 MHz. By setting the counter and comparator to 
either 8, 10, or 12 bits, repetition rates of 31.2, 7.8, and 
1.9 kHz, respectively, can be achieved. 


The polarity of each output can be selected under 
program control. Whenever the counter overflows, the 
CMPO and CMP1 registers are loaded from their respec¬ 
tive PWM buffer registers and each output becomes 
active. When the counter value matches the value in the 
associated compare register, that output goes inactive. 
The two PWM outputs, PWMO and PWM1, share pins 
with port 8 bits 6 and 7, respectively. 


Figure 4 . Puise-Width Modulated Outputs 
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Real-Time Output Port 

Port 0 can function on a bit-selectable basis as a 
real-time output port. See figure 5. Real-time port bits 
can be directly written under program control or they 
can be written under control of timing signals INTCM10, 
INTCM11, and INTCM20 generated by the real-time 
pulse unit. The latter method provides output timing 
that is Independent of interrupt latency. 


Figure 5 , ReaFTime Output Port 
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A/D Converter 

The analog-to-digital (A/D) converter (see figure 6) 
uses the successive-approximation method for con¬ 
verting up to eight multiplexed analog Inputs Into 10-bit 
digital data The minimum conversion time per input Is 
2 fjs at 32-MHz operation. There are eight 16-bit A/D 
conversion results registers (ADCROto ADCR7). During 
word access, the low-order 10-blts contain the result 
and the upper 6-bits are set to zero. During byte access, 
the high-order 8-bits of the 10-bit A/D conversion result 
are read. This converted data can be easily transferred 
to memory by the macro service function. 

Figures, A/D Converter 
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The A/D converter of the jLiPD78356 family supports a 
wide variety of operating modes. See figure 7. A/D 
conversion can be started by one of three modes: A/D 
trigger mode, timer trigger mode, and external trigger 
mode. Analog Inputs ANIO to ANI3 can be started by all 
three modes; AN14 to ANI7 can be started only by the 
A/D trigger mode. In A/D trigger mode, conversion Is 
started by writing data into the A/D converter mode 
register 0 (ADMO) and proceeds automatically. 


Figure 7. A/D Converter Operating Modes 


ANIO- - 
ANI3 


-A/D Trigger Mode- 


—Timer Trigger Mode- 


-Scan Mode 
-Select Mode 


T, 
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I 

T 

T 

I 


1 Trigger 
4 Trigger 
1 Trigger 


1 Buffer- 

I 

4 Trigger 
*-4 Buffer-]—1 Trigger 
4 Trigger 
1 Trigger 
4 Trigger 
1 Trigger 


1 Buffer- 

I 

4 Trigger 
^4 Buffer-]—1 Trigger 
4 Trigger 


t: 

T 


ANI4- 

ANI7 


-A/D Trigger Mode- 


- Select Mode-j-1 Buffer 


4 Buffer 


I 


In timer trigger mode, coincidence signals from com¬ 
pare registers CMOO, CM01, CCOO, and CC01 associ¬ 
ated with timer 0 start the conversions. Either all four 
signals are used (four-trigger mode) or only the coinci¬ 
dence signal CMOO Is used (one-trigger mode). The 
timing and sequence of the A/D conversions are con¬ 
trolled by these trigger signals. Conversions can be 
performed once or repeatedly. 

In external trigger mode, four external signals ADTRGO 
to ADTRG3 start the conversions. Either all four signals 
(four-trigger mode) or one signal ADTRGO (one-trigger 
mode) starts the conversions. The timing and se¬ 
quence of the A/D conversions are controlled by these 
trigger signals. 

The A/D converter can operate in either scan mode or 
select mode. In scan mode, from one to eight analog 
inputs (ANIO to ANI7) can be programmed for conver¬ 
sion. The A/D converter selects each of the Inputs 
(order and timing sequence are based on the trigger 
mode), converts the data, and stores It in its associated 
A/D conversion result register (ADCRO to ADCR7). An 
interrupt (INTAD) is generated when all inputs have 
been converted. 


In select mode, only one of the eight A/D inputs can be 
selected for conversion. Data from this input can be 
stored in its associated ADCR register (one-buffer 
mode) or four values can be stored sequentially in 
registers ADCRO to ADCR3 (four-buffer mode). In one- 
buffer mode, an interrupt (INTAD) is generated after 
each conversion. In four-buffer mode, an interrupt is 
generated after four conversions. The timing of the 
conversions depends on the trigger mode selected. 


5d 
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D/A Converter 

The /iPD78356 family has two digital-to-analog (D/A) 
converters as shown in figure 8. The 8-bit digital data, 
written to the D/A conversion setup registers (DASCn; 
n = 0, 1), selects one of the 256 taps on a resistor 
ladder between AVref 2 and AVrefs- The selected volt¬ 
age becomes the analog output at the ANOn pin. ANOn 
is a hIgh-Impedance output and requires an external 
buffer to drive a low-impedance load. 
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Serial Interfaces 

The /iPD78356 family has three independent serial 
Interfaces: one asynchronous and two clock synchro¬ 
nous. All three share an internal baud-rate generator. 

The asychrounous serial Interface is a standard univer¬ 
sal asynchronous receiver transmitter (UART). The 
DART (figure 9) permits full-duplex operation and can 
be programmed for 7 or 8 bits of data after the start bit, 
followed by one or two stop bits. Odd, even, zero, or no 
parity can also be selected. The serial clock for the 
UART is from the internal system clock divided by eight 
or from the Internal baud-rate generator. The UART 
generates three Interrupts: INTST (transmission com¬ 
plete), INTSR (reception complete), and INTSER (recep¬ 
tion error). 


Figure 9. Asynchronous Serial Interface 


P3i/RxD 


P3(/TxD 



Baud-Rate Generator (TM4) 
^CLIV8 
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Clock synchronous serial interface 0 (figure 10) is an 
8-bit interface that operates in either a three-wire serial 
I/O mode or NEC serial bus Interface (SBI) mode. 

In the three-wire serial I/O mode, the 8-bit shift register 
(SIO) is loaded with a byte of data and eight clock 
pulses are generated. These eight pulses shift the byte 
of data out the SO line (either MSB or LSB first) and in 
from the SI line, providing full-duplex operation. This 
Interface can also be set to receive or transmit data 
only. The INTCSIO Interrupt is generated after each 
8-bit transfer. One of two Internal clocks, an external 
clock, or the internal baud-rate generator clocks the 
data. 

Figure 10. Clock Synchronous Serial interface 0 



83RD-9436B(1(y93) 


The NEC SBI mode is a two-wire, high-speed propri¬ 
etary serial interface available on most devices In the 
NEC JL/PD75XXX and /iPD78xxx product lines. Devices 
are connected in a master/slave configuration. See 
figure 11. There is only one master device at a time; all 
others are slaves. The master sends addresses, com¬ 
mands, and data over one of the serial bus lines (SBO or 
SBI) using a fixed hardware protocol synchronized 
with the SCK line. 


26 







Each slave 78355/356/P356 can be programmed in 
software to respond to any one of 256 addresses. There 
are also 256 commands and 256 data types. Since ail 
commands are user-definable, any software protocol, 
simple or complex, can be defined. It is even possible 
to develop commands to change a slave into a master 
and the previous master into a slave. 


Figure 11. SB! Mode Master/Slave Configuration 



Address 1 


Address 2 


Address N 


83RD-9483A 


Clock synchronous serial interface 1 (figure 12) with a 
pin switching function is also an 8-bit interface that 
operates only In the three-wire serial I/O mode. It can be 
switched under program control b etween two sets of 
I/O pins: SCK10, SO10, and S110 or SCK11, S011, and 
SHI. With the exception of this pin switching function, 
its operation In three-wire serial I/O mode is Identical to 
clock synchronous interface 0. 




Selector 


Selector 


I 

I™™™ 


Serial 

Clock 


Interrupt Signal 
Generation 

Counter 


Control Circuit 



















A dedicated baud-rate generator can be programmed 
to provide a common serial clock to the asynchronous 
and clock synchronous serial interfaces. The baud-rate 
generator uses timer 4 and compare register CM40 of 
the real-time pulse unit to generate a serial clock from 
one of four internal clocks. By choosing the correct 
oscillator frequency, the baud-rate generator Is capa¬ 
ble of generating all the commonly used baud rates 
from 2400 to 154K b/s for the UART and 150 to 2M b/s for 
the clock synchronous interfaces. 

Real-Time Pulse Unit 

The real-time pulse unit (RPU, figure 13) can be used as 
an interval timer, to measure pulse widths and frequen¬ 
cies, to generate puse-width modulated outputs, to 
count external events, to control the real-time output 
port and the A/D converter, and to generate the serial 
clock. It consists of two 16-blt timer/counters (TMO and 
TM1), two 16-bit timers (TM2 and TM3), one 10-bit 
Interval timer (TM4), one 16-bit up/down counter 
(UDC), ten 16-bit compare registers, five 16-bit registers 
that can be used for either capture or compare, and ten 
timed output latches. 

All the timers count various clocks derived from the 
internal system clock. Timers TMO and TM1 also count 
external events on the TIO and Til pins, respectively. All 
timers are cleared by an external reset. Timers TMO to 
TM2 can also be cleared by either an external clear 
input or a coincidence interrupt from one of its com¬ 
pare registers. Timers TM3 and TM4 are cleared only by 
a coincidence Interrupt from one of Its associated 
compare registers. When any of timers TMO to TM4 
overflow, an overflow bit is set; in the case of timers 
TMO and TM3, an overflow interrupt is also generated. 
Timer TM4 can also be used as the baud-rate generator 
for the serial interfaces. 

Capture events for TMO can be triggered by external 
maskable Interrupts INTPOto INTP2; capture events for 
TM3 can be triggered by INTP3 and INTP4. Compare 
events associated with timers TMO to TM4 can be used 
to generate interrupts, control timed output pins, or 
both. In addition, three of them (INTCM10, INTCM11, 
INTCM20) can control the real-time output port and 
four of them (INTCMOO, INTCM01, INTCCOO, INTCC01) 
can control the A/D converter. The timed output latches 
share pins in ports P2, P3, and P8. Five of them can be 
toggled or set and reset by compare events, and the 
remaining five can be toggled. These latches can gen¬ 
erate pulse-width modulated outputs. 
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Figure 13. Real-Time Pulse Unit (Sheet 2 of 3) 
Tfmer/Counter 1 
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Figure 13. Real-Time Pulse Unit (Sheet 3 of 3) 
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The 16-bit up/down counter (UDC) can count the inter¬ 
nal system clock (divided by 4, 8, or 16) or count 
external events on the TIUD pin. When the counter 
overflows, an overflow bit is set. If the counter under¬ 
flows, an underflow bit is set. The UDC can be cleared 
by an external clear input (TCLRUD) or by a coinci¬ 
dence signal from its compare register. 


When counting external events, the UDC can be pro¬ 
grammed to operate in four modes. See figure 14. In 
mode 1, the UDC counts external events on the TIUD 
pin. When direction control pin TCUD is high, the UDC 
counts down. When TCUD is low, the UDC counts up. 


Figure 14. Up/Down Counter; Modes 1,2,3,4 
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NEC 


In mode 2, when the preset edge (rising, falling, or both) 
is detected at the TIUD pin, the UDC counts up; when a 
rising edge is detected at the TCUD pin, the UDC 
counts down. If TIUD and TCUD are active simulta¬ 
neously, they are not counted and the value in the UDC 
is held. 

Modes 3 and 4 are designed to count the output of a 
two-phase shaft encoder on a servomotor. In mode 3, 
two signals having a 90-degree phase shift are entered 
into the TIUD and TCUD pins. When the preset edge 
(rising, falling, or both) is detected on the TIUD pin, the 
signal level on TCUD is sampled. If the level of TCUD is 
low, the UDC counts down; if the level is high, the UDC 
counts up. 

When mode 4 is specified, quadrature counting Is 
enabled. The UDC Is Incremented or decremented at 
positive and negative transitions of both Input signals. 
Whether it Is incremented or decremented is depen¬ 
dent upon the relative phase of the two signals as 
Illustrated In figure 14. 

The pPD78356 family has programmable noise detec¬ 
tion on the external clock inputs and external clear 
inputs to the RPU. The noise detection time can be set 
for each Input at 4 or 16 Internal system clocks by the 
noise protection control register (NPC). 

Interrupts 

The/iPD78356 family has 24 maskable hardware inter¬ 
rupt sources: 5 software selectable as external or 
Internal and 19 internal. The four external maskable 
interrupts share pins with port 2. Any of them, INTPO 
and INTP4, can also be used to trigger capture events 
in the real-time pulse unit. In addition, there are two 
nonmaskable interrupts, three software Interrupts, and 
reset. The software interrupts, generated by the BRK or 
BRKCS instruction and the operation code trap, are 
not maskable. See table 3. 
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Tables. 

Interrupt Sources 






Type of 
Request 

Default* 

Signal 

Name 



Macro Service 

Vector Address 

Priority 

Source 

Location 

Controi Word 

TPF = 0 

TPF = 1 

Software 



Operation code trap 

CPU 


003CH 

003CH 




BRK instruction 

CPU 


003EH 

003EH 




BRKCS instruction 
(Initiates context switch) 

CPU 




Nonmaskable 

NMI 

NMI input pin 

External 


0002H 

8002H 



INTWDT 

Watchdog timer overflow 

Internal 


0004H 

8004H 

Maskable 

0 

INTOVO 

Timer 0 overflow 

Internal 

FE06H 

0006H 

8006H 


1 

INTOV3 

Timer 3 overflow 

Internal 

FE06H 

0006H 

8006H 


2 

iNTPO 

iNTCCOO 

INTPO pin 

CCOO coincidence 

External 

internal 

FEOAH 

OOOAH 

800AH 


3 

INTP1 

iNTCCOI 

INTP1 pin 

CC01 coincidence 

External 

Internal 

FEOCH 

OOOCH 

800CH 


4 

INTP2 

iNTCC02 

INTP2 pin 

CC02 coincidence 

External 

Internal 

FEOEH 

OOOEH 

800EH 


5 

iNTP3 

INTCC30 

iNTP3 pin 

CC30 coincidence 

External 

Internal 

FE10H 

0010H 

8010H 


6 

iNTP4 

INTCC31 

iNTP4 pin 

CC31 coincidence 

External 

Internal 

FE12H 

0012H 

8012H 


7 

iNTCMOO 

CMOO coincidence 

Internal 

FE14H 

0014H 

8014H 


8 

INTCM01 

CM01 coincidence 

Internal 

FE16H 

0016H 

8016H 


9 

INTCM02 

CM02 coincidence 

Internal 

FE18H 

0018H 

8018H 


10 

INTCM03 

CM03 coincidence 

Internal 

FE1AH 

001 AH 

801 AH 


11 

iNTCMIO 

CM10 coincidence 

Internal 

FE1CH 

001CH 

801 CH 


12 

INTCM11 

CM11 coincidence 

Internal 

FE1EH 

001 EH 

801 EH 


13 

INTCM20 

CM20 coincidence 

Internal 

FE20H 

0020H 

8020H 


14 

INTCM21 

CM21 coincidence 

Internal 

FE22H 

0022H 

8022H 


15 

INTCM40 

CM40 coincidence 

Internal 

FE24H 

0024H 

8024H 


16 

iNTCMUDO 

CMUDO coincidence 

Internal 

FE26H 

0026H 

8026H 


17 

INTCMUD1 

CMUD1 coincidence 

Internal 

FE28H 

0028H 

8028H 


18 

iNTSER 

Asynchronous serial 
interface reception error 

Internal 

FE2AH 

002AH 

802AH 


19 

INTSR 

End of asynchronous serial 
interface reception 

Internal 

FE2CH 

002CH 

802CH 


20 

INTST 

End of asynchronous serial 
interface transmission 

Internal 

FE2EH 

002EH 

802EH 


21 

INTCSIO 

End of clocked serial interface CSIO 
transmission/reception 

Internal 

FE30H 

0030H 

8030H 


22 

INTCS11 

End of clocked serial interface 

CSH transmission/reception 

Internal 

FE32H 

0032H 

8032H 


23 

INTAD 

End of A/D conversion 

Internal 

FE34H 

0034H 

8034H 

Reset 


RESET 

RESET pin 

External 


OOOOH 

OOOOH 


* 0 is the highest priority. 


5d 
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Interrupt Servicing 

The /iPD78356 family provides four levels of program¬ 
mable hardware priority control and three different 
methods of handling maskable Interrupt requests: 
standard vectoring, context switching, and macro ser¬ 
vice. The programmer can choose the priority and 
mode of servicing each maskable Interrupt by using 
the interrupt control registers. 

Interrupt Control Registers 

The/iPD78356family has 24 interrupt control registers. 
Each maskable interrupt request has its own control 
register, which includes bits to specify Interrupt re¬ 
quest, interrupt mask, macro service enable, context 
switch enable, and priority. Priorities range from 0 
(highest) to 3. See figure 15. 

There are also three mask flag register, MKOL, MKOH, 
and MK1L, with a bit for each maskable Interrupt. Since 
each Interrupt has two mask bits, the masking of the 
interrupt is the “or” function of those two bits. 

Interrupt mode control register IMG can enable or 
disable nesting of Interrupts set to the lowest priority 
level (level 3). InservIce priority register ISPR is used by 
the hardware to hold the priority level of the interrupt 
request currently being serviced. It is manipulated by 
hardware only, but It can be read by software. 

Finally, the IE bit of the program status word also Is 
used to control the Interrupts. If the IE bit Is 0, all 
maskable Interrupts, but not macro service, are dis¬ 
abled. The IE bit can be set or cleared by the El or Dl 
instruction, respectively, or by direct writing to the 
PSW. The IE bit is cleared each time an interrupt is 
accepted. 


Figure 15. interrupt Control Register (xxlCx) 
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Interrupt Priority 

The two nonmaskable interrupts, NMI and INTWDT 
have priority over all others. Their priority relative to 
each other is under program control. 

Four hardware-controlled priority levels are available 
for the maskable interrupts. Any one of the four levels 
can be assigned by software to each of the maskable 
Interrupt lines. Interrupt requests of a priority higher 
than the processor’s current priority level are ac¬ 
cepted; requests of the same or lower priority are held 
pending until the processor’s priority state is lowered 
by a return instruction from the current service routine. 

By setting the PRSL bit of the IMG register to zero, it Is 
possible to specify in software that level 3 interrupts 
(the lowest level) can be accepted when the processor 
is operating at level 3. This nesting within a level 
applies to level 3 only. 

Interrupt requests programmed to be handled by 
macro service have priority over all software interrupt 
service regardless of the assigned priority level, and 
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macro service requests are accepted even when the 
interrupt enable bit in the PSW is set to the disable 
state. See figure 16. 

The default priorities listed in table 3 are fixed by 
hardware; they are effective only when it is necessary 
to choose between two interrupt requests of the same 
software-assigned priority. For example, the default 
priorities would be used after the completion of a 
high-priority routine If two interrupts of the same lower 
priority were pending. 

Software interrupts, the BRK and BRKCS instructions, 
and the operation code trap are executed regardless of 
the processor’s priority level and the state of the IE bit. 
They do not alter the processor’s priority level. 


Vectored Interrupt 

When vectored interrupt Is specified for a given inter¬ 
rupt request, (1) the program status word and the 
program counter are saved on the stack, (2) the pro¬ 
cessor’s priority Is raised to that specified for the 
interrupt, (3) the IE bit in the PSW Is set to zero, and (4) 
the routine whose address Is in the interrupt vector 
table is entered. At completion of the service routine, 
the RETI Instruction (or RETB Instruction for software 
interrupts) reverses the process, and the /iPD78356 
family device resumes the Interrupted routine. The 
corresponding Interrupt request flag Is cleared before 
executing the interrupt service routine. 

Context Switch 



When context switching (figure 17) Is specified for a 
given interrupt, the active register bank is changed to 
the register bank specified by the three low-order bits 
of the word in the Interrupt vector table. The program 
counter is loaded from RP2 of the new register bank, 
the old program counter and program status word are 
saved in RP2 and RP3 of the new register bank, and the 
IE bit in the PSW Is set to zero. 


At completion of the service routine, the RETCS in¬ 
struction for routines entered from hardware requests 
or the RETCSB Instruction for routines entered from 
the BRKCS Instruction reverses the process. The old 
program counter and program status word are re¬ 
stored from RP2 and RP3 of the new register bank. The 
entry address of the service routine, which must be 
specified in the 16-bit immediate operand of these 
return Instructions, Is stored again In RP2. 
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Macro Service 

When macro service is specified for a given interrupt, 
the macro service hardware temporarily stops the 
executing program and transfers data between the 
special function register area and the memory space. 
Control Is then returned to the executing program, 
providing a completely transparent method of interrupt 
service. Macro service significantly improves response 
time and makes it unnecessary to save any registers. 

For each request on the Interrupt line, one operation is 
performed, and an 8-bit counter Is decremented. When 
the counter reaches 0, a software service routine Is 
entered according to its specified priority. Either vec¬ 
tored interrupt or context switch can be specified for 
entry to this routine, which is known as the macro 
service completion routine. 

Macro service Is provided for all of the maskable inter¬ 
rupt requests, and each has a specific macro service 
control word stored in on-chip main FIAM. The function 
to be performed is specified in the control word. 


The /iPD78356 family provides five different macro 

service functions. 

Function Description 

EVTCNT Event counter. Counts up to 256 events 
by incrementing or decrementing the 
macro service counter. When the counter 
reaches OOH, the software service 
routine Is entered. 

BLKTRS Block transfer. Transfers a byte or word 

of data in either direction between a 
specified special function register and a 
buffer In main RAM (FExx). 

BLKTRS-P Block transfer with memory pointer. 

Transfers a byte or word of data in either 
direction between a specified special 
function register and a buffer anywhere 
In the 64K-byte address space. 

DTADIF Data difference. Stores the difference 

between the current value of a specified 
16-bit special function register and its 
previous value in a word buffer in main 
RAM (FExx). 
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DTADIF-P Data difference with memory pointer. 

Stores the difference between the 
current value of a specified 16-bit 
special function register and its previous 
value in a word buffer anywhere in the 
64K-byte address space. 

Standby Modes 

The standby modes, HALT and STOP, reduce power 
consumption when CPU action is not required. In HALT 
mode, the CPU is stopped but the system clock con¬ 
tinues to run. The HALT mode is released by any 
unmasked Interrupt, any nonmaskable interrupt, or an 
external reset pulse. In STOP mode, both the CPU and 
the system clock are stopped, further minimizing 
power consumption. The STOP mode is released by 
either an external reset pulse or an external NMI. 

The HALT and STOP modes are entered by program¬ 
ming standby control register STBC. This register is a 
protected location and can be written to only by a 
special instruction. If the third and fourth bytes of the 
instruction are not complements of each other, the 
data is not written and an operation code trap Interrupt 
occurs. 

Watchdog Timer 

The watchdog timer protects against inadvertent pro¬ 
gram loops. A nonmaskable interrupt occurs If the 
timer is not reset by the program before it o verflow s. At 
the same time, watchdog timer output pin WDT Q goes 
active low for a period of 32 sy stem cl ocks. The WDTO 
pin can be connected to the RESET pin or used to 
control external circuitry. Three program-selectable 
intervals are available: 8.2, 32.8, and 131.1 ms at 32 
MHz. 


Once started, the timer can be stopped only by an 
external reset. Watchdog timer mode register WDM is 
used to select the time interval, to set the relative 
priority of the watchdog timer interrupt and NMI, and to 
clear the timer. This register is a protected location and 
can be written to only by a special instruction. If the 
third and fourth bytes of the Instruction are not com¬ 
plements of each other, the data Is not written and an 
operation code trap interrupt occurs. 

External Reset 

The /iPD78356 family is reset by taking the RESET pin 
low. The reset circuit contains a noise filter to protect 
against spurio us syst em resets caused by noise. On 
power-up, the RESET pin must remain low until the 
power supply reaches its operating voltage and the 
oscillator has stabilized. During reset, the program 
counter is loaded with the address contained in the 
reset vector table (addresses OOOOH, 0001H ); prog ram 
execution starts at that ad dress upon the RESET pin 
going high. While RESET is low, all external lines 
except WDTO, CLKOUT, Vss, Vdd, AVss, AVdd, AVrefi, 
AVref 2 . AVrefs, XI, and X2 are In the high-impedance 
state. 
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ELECTRICAL SPECIFICATIONS (Preliminary) 
Absolute Maximum Ratings 

Ta = 25°C 


Supply voltage, Vdd 

-0.5 to+7.0 V 

Supply voltage, Vpp 

-0.5 to +13.5 V 

Input voltage, Vj 

Except P2o/NMI (A9) of 78P356 
P2o/NMI (A9) of 78P356 

-0.5 to Vdd + 0-5 V 
-0.5 to +13.5 V 

Output voltage, Vq 

-0.5 to Vdd + 0.5 V 

Output current, low; Iql 

Each output pin 

Total 

4.0 mA 
140 mA 

Output current, high; Iqh 

Each output pin 

Total 

-1.0 mA 
30 mA 

Operating temperature, Tqpt 

-10 to +70°C 

Storage temperature, Tsjg 

-65 to +150°C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability: exceeding the ratings could cause perma¬ 
nent damage. The device should be operated within the limits 
specified under DC and AC characteristics. 


Operating Conditions _ 

Oscillator Frequency, f^x Ta Vdd 

8 to 32 MHz -10 to +70°C +5.0 V ±10% 

Capacitance 

Ta = 25°C: Vdd = Vgs = o v 


Parameter 

Symbol 

Max 

Unit 

Conditions 

Input pin 
capacitance 

C| 

TBD 

pF 

f = 1 MHz; 
unmeasured pins 

Output pin 
capacitance 

Co 

TBD 

PF 

returned to 0 V 

I/O pin 
capacitance 

C|0 

TBD 

pF 



AC Timing Test Points 


“TZ 1 

, > 

^ 0.8 Vdd or 2.2 V ^ 

^ 0-8 V ^ 

< 



83CL-914SA 
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DC Characteristics 

Ta = -10 to +70"C; Vdd = 

+ 5.0 V ±10%; Vss 

= 0 V 





Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Input voltage, low 

ViL 

0 


0.8 

V 


Input voltage, high 

V|H1 

2.2 



V 

(Note 1) 


VlH2 

0.8 Vdd 



V 

(Note 2) 

Output voltage, low 

VoL 



0.45 

V 

Iql = 2.0 mA 

Output voltage, high 

VOH 

q 

i 

Q 

0 

> 



V 

Iqh = -400 ^A 

Input leakage current 

'Ll 



±10 

/iA 

V| = 0 to Vdd 

Output leakage current 

•lo 



±10 

/iA 

1 

i 

Q 

a 

> 

0 

0 

II 

Vdd supply current 

•ddi _ 


75 

107 

mA 

Operating mode; 78355/356 




86 

125 

mA 

Operating mode; 78P356 


>DD2 _ 


40 

60 

mA 

HALT mode; 78355/356 




40 

60 

mA 

HALT mode; 78P356 

Data retention voltage 

Vdddr 

2.5 



V 

STOP mode 

Data retention current 

Idddr 


2 

10 

fjA 

STOP mode; VdddR ~ 2.5 V 




10 

50 

fjA 

STOP mode; Vdddr = 5.0 V ±10% 


Notes: 

(1) All except pins in Note 2. 

(2) Pins RESET, X1, PO0-PO3, P2, P32-P36, PSq-PQ^, P85, PIO^, 


PIO2, PIO4 - PIO7. 

AC Characteristics 

Ta = -10 to +70°C: Vdd = +5.0 V ±10%: Vss = 0 V; fxx = 32 MHz 


Parameter 

Symbol 

Calculation Formula 

Min 

Max 

Unit 

Conditions 

External Memory Read/Write Operation 

System clock cycle time (Note 1) 

tCYK 

_ 

62.5 

250 

ns 

Cl = 

50 pF 

Address setup time to ASTB 1 

tSAST 

(0.5 + a)T-24 

7 


ns 

Cl = 

100 pF (Note 2) 

Address hold after ASTB i 

fHSTA 

0.5T- 16 

15 


ns 

Cl = 

100 pF 

RD 1 to address floating 

^FRA 

— 


0 

ns 

Cl = 

100 pF 

Address to data input valid 

Idaid 

(2.5 + a + n)T - 56 


100 

ns 

Cl = 

100 pF (Note 2, 3) 

RD i to data input valid 

^DRID 

(1.5 + n)T - 44 


49 

ns 

Cl = 

100 pF (Note 3) 

ASTB 1 to RD 1 delay time 

toSTR 

0.5T- 16 

15 


ns 

Cl = 

100 pF 

Data hold time from RD t 

^HRID 

— 

0 


ns 

Cl- 

100 pF 

RD t to next address active 

tDRA 

0.5T- 14 

17 


ns 

Cl- 

100 pF 

RD width low 

%RL 

(1.5 + n)T - 30 

63 


ns 

Cl- 

100 pF (Note 3) 

ASTB width high 

tWSTH 

(0.5 + a)T-17 

14 


ns 

Cl- 

100 pF (Note 2) 

LWR or HWR to data output 

tDWOD 

0.5T-10 


21 

ns 

Cl- 

100 pF 

ASTB i to LWR i or HWr i delay 

^DSTW 

0.5T- 16 

15 


ns 

Cl = 

100 pF 

Data setup time to LWR t or HWR t 

tsODW 

(1 + n)T-5 

57 


ns 

Cl- 

100 pF (Note 3) 

Data hold time after LWR t or HWR t 

^HWOD 

— 

8 


ns 

Cl = 

100 pF 

LTO or HWR width, low 

twWL 

(1.5 + n)T - 30 

63 


ns 

Cl- 

100 pF (Note 2, 3) 

WAIT setup time from address 

tSAWT 

(a + n)T - 15 


110 

ns 

Cl- 

100 pF (Notes 2, 4) 

WAIT hold time from address 

<HAWT 

(0,5 + a + n)T 

156 


ns 

Cl = 

100 pF (Notes 2, 4) 
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AC Characteristics (cont) 


Parameter 

Symbol 

Calculation Formula 

Min 

Max 

Unit 

Conditions 

WAIT setup time from RD i or WR i tSRWRY 

(n-1)T-25 



37 

ns 

Cl = 100 pF (Note 4) 

WAIT hold time from RD 4 or WR i ^HRWRY 

(n-0.5)T- 14 


79 


ns 

Cl = 100 pF (Note 4) 

ASTB t delay time from WR t 

^DWST 

1.5T-15 


TBD 


ns 

Cl = 100 pF 

Serial Port Operation 

SCK cycle time 

^CYSK 

— 


8T 


ns 

SCK output 





500 


ns 

SCK input 

SCK width, low 

%SKL 

— 


4T-40 


ns 

SCK output 





210 


ns 

SCK input 

SCK width, high 

fwSKH 

— 


4T-40 


ns 

SCK output 





210 


ns 

SCK input 

SI setup time to SCK t 

ISRXSK 



80 


ns 


SI hold time after SCK 

^HSKRX 

— 


80 


ns 


SCK 1 to SO delay time 

^DSKTX 

- 



110 

ns 


Definitions: 



Notes: 




(1) T = tcYK (ns) 



(1) tcYK®^^^l®^wicethe period of the crystal or external clock input. 

(2) a = address wait state: a = 

0 or 1 


(2) 

No address wait state 



(3) n = number of wait states specified by the external wait pin 

(3) 

No wait states 




WAIT and the PWC register 



(4) 

One external wait state and one internal wait state. 

A/D Converter Characteristics 







Ta = -10 to -f-70°C: AVdd = Vdd = +5 V ±10% or +3 V ±10%; Vss 

= AVss = 0 V 




Parameter 

Symbol 

Min Typ 


Max 

Unit 


Conditions 

Resolution 




10 

Bit 



Total error* 




1.2 

% 



Quantization error 




±1/2 

LSB 



Conversion time 

^CONV 

32 



^CYK 


AD trigger mode 



37 



tCYK 


Timer/external trigger mode 

Sampling time 

%AMP 

7.5 



^CYK 



Analog input voltage 

A|AN 

-0.3 


AVrefi +0-3 

V 



Analog input impedance 

Ran 

TBD 



MO 



Reference voltage 

AVrefi 

TBD 


Vdd 

V 



AVrefi current 

AIrefi 

3.0 


9 

mA 


fxx = 32 MHz 



TBD 


TBD 

mA 


ADM0.7(CS) = 0 

AVdd supply current 

aIdd 

3.3 


13 

mA 


Operational mode 


* Does not include quantization error. Percentage of full-scale value is shown. 
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D/A Converter Characteristics 

Ta = -10 to +70°c: aVref2 = Vqd = +5 v ±10%: aVrefs = 

> 

o 

11 

<0 

CO 

> 





Parameter 

Symbol Min 

Typ 

Max 

Unit 

Conditions 


Resolution 



8 

Bit 



Overall error 



TBD 

% 



Settling time 



2 

fJS 

Load condition 2 MQ 30 pF 

Output resistance 

Ro 

20 


kQ 

When DACSO and DACS1 are set to 7FH 

Analog reference voltage 

AVref2 0-75 Vqd 


Vdd 

V 




aVref3 Vss 

0.2 Vqq 

V 



Reference supply input current 

AIrEF2 0 


5 

mA 




AIreF3 -5 


0 

mA 



Up/Down Counter Operation 

Ta = -10 to +70°C; Vqd = +5 V ±10% Vss = 0 V; T = tovK M 

Parameter 

Symbol 

Min 


Max 

Unit 

Conditions 

TIUD high-, low-level width 

%TIUH. %T1UL 

aT 



ns 

Except mode 4 



bT 



ns 

Mode 4 

TCUD high-, low-level width 

tWTCUH- %TCUL 

aT 



ns 

Except mode 4 



bT 



ns 

Mode 4 

TCLRUD high-, low-level width 

%CLUH. %CLUL 

aT 



ns 


TCUD setup time to TIUD 

ISTCU 

0 



ns 

Mode 3, rise 

TCUD hold time from TIUD t 

^HTCU 

2T 



ns 

Mode 3, rise 

TIUD setup time to TCUD 

%4TIU 

4T 



ns 

Mode 4 

TIUD hold time from TCUD 

tH4TIU 

4T 



ns 

Mode 4 

TIUD, TCUD cycle time 

tCYC4 



1 

MHz 



Note: a, b are defined by NPC register. 

NPC.bit = 0, then a = 4, b = 8; NPC.bit = 1, then a = b = 16. 


Other Operations 

Ta = -10 to +70°C; Vqq = +5 V ±10%; Vgs 0 V; T = tcYK 


Parameter 

Symbol 

Min 

Max 

Unit 

Conditions 

NMI high-, low-level width 

%NIH. %NIL 

2 


fJS 


INTPO to INTP4 high-, low-level width 

twinH. 1\N\nL 

4T 


ns 


RESET high-, low-level width 

^WRSH* %RSL 

2 


fJS 


Tin high-, low-level width 

VTInH. twTInL 

aT 


ns 


TCLRn high-, low-level width 

twCLnH* %CLnL 

aT 


ns 


ADTRGn high-, low-level width 

%ADnH. %ADnL 

4T 


ns 


ADC external trigger inputs ADTRGn to 
ADTRGm (valid edge to valid edge) 

^ADCININ 

37T 


ns 



Note: a is defined by NPC register (a = 4 or 16). 
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Timing Waveforms 
Read Operation (8-Bit Bus) 


CLKOUT 


-tCYK- 







WAIT 


r 












jtfPD78356 Family 

Preliminary 













jiiPD78356 Family 

Preliminary 


Timing Waveforms (cont) 
Write Operation (8-Bit Bus) 


CLKOUT 


AD 3 -AD ^5 


-^CYK- 




2 


ADq -ad- 


>2 


Address (Low Order) 



-^HRWRY—: 
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Timing Waveforms (cont) 
Write Operation (ie-Bit Bus) 
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Timing Waveforms (cont) 

Interrupt Input 



Reset Input 


RESET y 

^ - twRSH -► 


-•1- twRSL -► 

^ 7 


^ 0.8 Vqq ^ 

0.8 V 





83IVIL-6991A 


Timer Input 



<—WlnH-^ 

< —twTInL-^ 


™ / 


_7 

/ 

n = 0,1 

<—%CLnH-^ 

<—%CLnL-> 


TCLRn y 

4 



n = 0,1,2 



83YL-9405A 


pPD78356 Family 

Preliminary 


A/D Converter Trigger Input 



"^%ADnH-^ 


<-%ADnL->" 


ADTRGn ^ 

L ^ 

S 

C _ 1 

\l 

n = 0 to 3 




ADTRGn ^ 







* 




- AUUINIIM ^ 



ADTRGm 


/ 

L 

\ 

^ Any valid edge to any valid edge 



83YL-9406A 
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PROM PROGRAMMING 

The PROM in the/iPD78P356 is one-time programmable 
(OTP) or ultraviolet erasable (UV EPROM). The 49,152 x 
8-blt PROM has the programming characteristics of an 
NEC /iPD27C1001A, including both page and byte pro¬ 
gramming modes. Table 4 shows the functions of the 
A/PD78P356 pins in normal operating mode and PROM 
programming mode. 


Table 4. Pin Functions During PROM 
_ Programming _ 



Normal Operating 

Programming 

Function 

Mode 

Mode 

Address input 

PO 0 -PO 7 , P5o, P2o, 

P5i - P57 

Aq - Ai6 

Data input 

P4o - P 47 

Do - D 7 

Program pulse 

PI 2 

P^ 

Chip enable 

PI0 

CE 

Output enable 

PI1 

OE 

Program voltage 

MODEO/Vpp 

MODEO/Vpp 

Mode voltage 

MODE1, P2i, RESET 

MODE1, P2i, RESET 


to EFFFH). A four-byte ECO Control Word (ECW) is 
located at addresses FOOOH to F003H and controls the 
ECC circuitry. For additional protection, four bytes of 
ECC data for the ECW are located at addresses F004H 
to F007H. The error correction code and information to 
be stored In the ECW are automatically generated and 
added to your HEX file by the ECCGEN program sup¬ 
plied with the RA78K3 Relocatable Assembler Package, 

PROM Programming Mode 

When MODE1, P2i, and RESET pins are set low, the 
jLiPD78P356 enters the PROM programming mode. Op¬ 
erati on in this mode is determined by the setting of CE, 
OE, PGM, MODEOA/pp, and Vdd pins as indicated in 
table 5. 


The/iPD78P356 also includes a PROM error correction 
function capable of correcting one 1-bit error per four 
bytes of code. Each device contains 49,152 bytes of 
PROM for program storage (OOOOH to BFFFH) and 
12,288 bytes of PROM for error correction code (COOOH 


Table 5. Operation Modes for Prt^ramming 


Mode 

MODE1 

P 2 i 


Cl 

OE 

PGM 

MODEO/Vpp 

0 

Q 

> 

Do - D 7 

RESET 

Page data latch 

L 

L 

L 

H 

L 

H 

+12.5 V 

+ 6.5 V 

Data input 

Page program 

L 

L 

L 

H 

H 

L 

+ 12.5 V 

+ 6.5 V 

High impedance 

Byte program 

L 

L 

L 

L 

H 

L 

+12.5 V 

+ 6.5 V 

Data input 

Program verify 

L 

L 

L 

L 

L 

H 

+ 12.5 V 

+ 6.5 V 

Data output 

Program inhibit 

L 

L 

L 

X 

L 

L 

+ 12.5 V 

+ 6.5 V 

High impedance 





X 

H 

H 




Read 

L 

L 

L 

L 

L 

H 

+ 5.0 V 

+ 5.0 V 

Data output 

Ouput disable 

L 

L 

L 

L 

H 

X 

+ 5.0 V 

+ 5.0 V 

High impedance 

standby 

L 

L 

L 

H 

X 

X 

+ 5.0 V 

+ 5.0 V 

High impedance 


X can be either H or L. 
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PROM Byte Programming Procedure 

Data can be written to the PROM one byte at a time by 

the following procedure. 

( 1 ) Set the pins not used for programming as indicated 
in figures 18 and 19. Set MODEOA/ppandVoopinsto 
+5 y^nd MODEI, P2i, and RESET pins to 0 V. The 
CE, OE, and PGM pins should be high. 

(2) Supply +6.5 V to Vdq pin and +12.5 V to MODEO/ 
Vpp pin. Set CE pin low and OE pin high. 

(3) Provide initial address to pins Aq - 

(4) Provide write data. 

(5) Input a 0.1-ms program pulse (active low) to PGM 
pin. 

( 6 ) Use verify mode (pulse OE low) to test data. If data 
has been written, proceed to step 8 ; if not, repeat 
steps 4-6. If data cannot be written in 10 attempts, 
go to step 7. 

(7) Classify PROM as defective and cease write oper¬ 
ation. 

( 8 ) Increment address. 

(9) Repeat steps 4-8 until last address is programmed. 

PROM Page Programming Procedure 

Data can be written to the PROM four bytes at a time 

(page programming) by the following procedure. 

( 1 ) Set the pins not used for programming as indicated 
in figures 18 and 19. Set MO DEOA/pp andVpDpinsto 
+5 Vand M ODEI, P2i, and RESET pins to 0 V. The 
CE, OE, and PGM pins should be high. 

(2) Supply +6.5 V to VpD pin and +12.5 V to MODEO/ 
Vpp pin. Set CE pin low. 

(3) Provide initial page address to pins Aq - A^q. 

(4) Provide first byte of data and latch it into PROM by 
pulsing OE low. Continue incrementing address 
and latching in data until four bytes have been 
loaded. 


(5) Input a 0 . 1 -ms program pulse (active low) to PGM 
pin. Data bus Do - D 7 is in a high-impedance state. 

( 6 ) Use verify mode (pulse OE low four times) to test 
four bytes of data. If all four bytes of data have been 
written, proceed to step 8 ; if not, repeat steps 4-6. 
If data cannot be written in 10 attempts, go to step 
7. 

(7) Classify PROM as defective and cease write oper¬ 
ation. 

( 8 ) Increment address. 

(9) Repeat steps 4-8 until last address is programmed. 

PROM Read Procedure 

The contents of the PROM can be read out to the 
external data bus (Dq - D7) by the following procedure. 

( 1 ) Set the pins not used for programming as indicated 
in figures 18 and 19. Set MODEO/Vpp and Vdd pins to 
4^ y_and MODEI, P2i, and RESET pins to 0 V. The 
CE, OE, and PGM pins should be high. 

( 2 ) Supply +5 V to Vqd pin and MODEO/Vpp pin. 

(3) Input address of data to be read to pins Aq - A-ie- 

(4) Put an active-low pulse on CE and OE pins. 

(5) Data is output to pins Do - D7. 

Program Erasure 

The UV EPROM can be erased by exposing the window 
to light having a wavelength shorter than 400 nm, 
including ultraviolet, direct sunlight, and fluorescent 
light. To prevent unintentional erasure, mask the win¬ 
dow. 

Typically, data is erased by 254-nm ultraviolet rays. A 
minimum lighting level of 15 Ws/cm2 (ultraviolet ray 
intensity x exposure time) is required to completely 
erase the written data. Erasure by an ultraviolet lamp 
rated at 12,000pW/cm^ takes 15 to 20 minutes. Remove 
any filter on the lamp and place the device within 2.5 cm 
of the lamp tubes. 
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DC Programming Characteristics 

Tft = 25°C tS-C; Vss = 0 V 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Condition 

High-level input voltage 

V|H1 

2.2 


Vdd 

V 

(Note 1 ) 


V|H2 

0.8 Vdd 


Vdd 

V 

(Note 2) 

Vddp power supply voltage 

Vddp 

6.25 

6.5 

6.75 

V 

Memory program mode 



4.5 

5.0 

5.5 

V 

Memory read mode 

Vpp power supply voltage 

Vpp 

12.2 

12.5 

12.8 

V 

Memory program mode 




Vpp = Vddp 


V 

Memory read mode 

Vddp power supply current 

•ddp 



30 

mA 

Memory program mode 





100 

mA 

Memory read mode 

Vpp power supply current 

ipp 



50 

mA 

Memory program mode 




1 

100 

A/A 

Memory read mode 


Notes: 

(1) All except pins in Note 2. 


(2) Pins RESET, X1, POq • PO 3 , P2, P 32 - PSe, PSq - P 81 , P 85 , 
PIO 1 - PIO 2 , PIO 4 - PIO 7 . 
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|\IEC! jtiPD78356 Family 

Preliminary 


AC Programming Characteristics 

Ta = 25°c ±5°C: Vdd = 6.5 ±0.25 V; Vpp = 12.5 ±0.3 V 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Conditions 

Byte Programming Mode 

Address setup time to PGM 1 

Us 

2 



jUS 


CE setup time to PGM i 

^CES 

2 



/iS 


Input data setup time to PGM i 

^DS 

2 



fJS 


Address hold time after OE t 

Uh 

2 



fJS 


Input data hold time after PGM t 


2 



/JS 


Output data hold time after OE T 

^DF 

0 


130 

ns 


Vpp setup time before PGM i 

Vps 

2 



/JS 


Vdd setup time before PGM i 

Vds 

2 



/JS 


Program pulse width 

tpw 

0.095 

0.1 

0.105 

ms 


Data to OE i delay time 

tOES 

2 



/JS 


OE i to data output time 

^OE 



150 

ns 


Page Programming Mode 

Address setup time to OE i 

Us 

2 



/JS 


CE setup time to OE i 

^CES 

2 



/JS 


Input data setup time to OE 1 

^DS 

2 



/JS 


Address hold time from OE t 

Uh 

2 



/JS 



Uhl 

2 



/JS 



Uhv 

0 



/JS 


Input data hold time after OE t 

^DH 

2 



/JS 


Output data hold time after OE t 

^DF 

0 


130 

ns 


Vpp setup time to OE J- 

fvps 

2 



/JS 


Vdd setup time to OE i 

Uds 

2 



/JS 


Program pulse width 

tpw 

0.095 

0.1 

0.105 

ms 


Address to OE i delay time 

tOES 

2 



/JS 


OE i to data output time 

tOE 



150 

ns 


OE pulse width during data latch 

Uw 

1 



/JS 


Data to PGM 1 delay time 

fPGMS 

2 



/JS 


CE hold time from PGM t 

Ueh 

2 



/JS 


CE hold time from OE t 

tOEH 

2 



/JS 



Read Mode 


Address to data output time 

Ucc 


200 

ns 

11 

lUJ 

lo 

II 

|LU 

lo 

CE i to data output time 

Ue 


200 

ns 

_1 

> 

II 

|IU 

lo 

OE i to data output time 

^OE 


75 

ns 

>" 

II 

|UJ 

lo 

Data hold time from OE t 

^DF 

0 

60 

ns 

> 

II 

[LU 

lo 

Data hold time from address 

fOH 

0 


ns 

II 

lUJ 

lo 

II 

|1U 

lo 


5d 
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jifPD78356 Family 


PROM Timing Diagrams 
Byte Programming Mode 
















JUPD78356 Family 
















fiPD78356 Family 


PROM Timing Diagrams (cont) 

Page Programming Mode; Page Program Progi 

—Page Program—>}<- 


A2-A16 



Notes: 

[11 V0D must be applied before Vpp arnl removed after V pp. 

[2] Vpp must not be greater than +13.5 V, Including overshoot. 

[3] Removing and reinserting the device while a voltage of +12.5 V 
Is applied to pin Vpp may affect device reliability. 
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PPD78356 Family 


PROM Timing Diagrams (cont) 
Read Mode 
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JUPD78356 Family 


NEC 


INSTRUCTION SET 

The instruction set of the /jPD 78356 family is upward 
compatible with the /JPD78322, and jLiPD78352 families. 
Four new instructions (MACW, MACSVV SACW, and 
MOVTBL) have been added to the /iPD78322 and two 
(MACSW and SACW) to the pPD78352 . These addi¬ 
tional instructions facilitate digital signal processing. 

Convolution instruction MACW calculates the sum of 
the products of “n” pairs of terms stored in main RAM. 
The value of “n” is limited only by the amount of main 
RAM available. The operation of the convolution in¬ 
struction with saturation word MACSW is identical to 
Instruction MACW except when the instuction termi¬ 
nates with the PN flag set. In this case, the AXDE 
register will be set to 7FFFFFFFH by an overflow or 
80000000H by an underflow. 

Correlation instruction SACW subtracts correspond¬ 
ing factors of two tables and calculates the sum of the 
absolute values of these subtractions. Instruction 
MOVTBL displaces a data table by one 16-bit word to 
make room for a new data word. 

The instruction set features both 8- and 16-bit data 
transfer, arithmetic, and logic instructions and single¬ 
bit manipulation instructions. String manipulation in¬ 
structions are also included. Branch instructions exist 
to test individual bits in the program status word, the 
16-bit accumulator, the special function registers, and 
the saddr portion of on-chip RAM. Instructions range in 
length from 1 to 6 bytes depending on the instruction 
and addressing mode. 


Flag Column Indicators 


Symbol 

Action 

(blank) 

No change 

0 

Set to 0 

1 

Set to 1 

X 

Set or cleared according to result 

P 

P/V indicates parity of result 

V 

P/V indicates arithmetic overflow 

R 

Restored from saved PSW 


Instruction Set Symbols 


Symbol 

Definition 

r 

RO, R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11, 

R12, R13, R14, R15 

r1 

RO, R1, R2, R3, R4, R5, R6, R7 

r2 

C, B 

rp 

RPO, RP1, RP2, RP3, RP4, RP5, RP6, RP7* 

rp1 

RPO, RP1, RP2, RP3, RP4, RP5, RP6, RP7* 

rp2 

DE, HL, VP, UP 

sfr 

Special function register, 8 bits 

sfrp 

Special function register, 16 bits 

post 

RPO, RP1, RP2, RP3, RP4, RP5/PSW, RP6, RP7. Bits 
set to 1 indicate register pairs to be pushed/ 
popped to/from stack; RP5 pushed/popped by 
PUSH/POP, SP is stack pointer; PSW pushed/ 
popped by PUSHU/POPU, RP5 is stack pointer. 

mem 

Register indirect: [DE], [HL], [DE+], [HL+], [DE-], 
[HL-], [VP], [UP] 

Base Index Mode: [DE+A], [HL+A], [DE-hB], 
[HL+B], [VP+DE], [VP+HL] 

Base Mode: [DE+ byte], [HL+ byte], [VP+ byte], 
[UP+ byte], [SP+ byte] 

Index Mode: word [A], word [B], word [DE], word 
[HL] 

saddr 

FE20-FF1FH: immediate byte addresses one byte 
in RAM, or label 

saddrp 

FE20-FF1FH: Immediate byte (bit 0=0) addresses 
one word in RAM, or label 

word 

16 bits of immediate data, or label 

byte 

8 bits of immediate data, or label 

jdispS 

8-bit two’s complement displacement (immediate 
data, displacement value -128 to +127) 

bit 

3 bits of immediate data (bit position in byte), or 
label 

n 

3 bits of immediate data 

!addr16 

16-bit absolute address specified by an immediate 
address or label 

$addr16 

Relative branch address or label 

addr16 

16-bit address 

!addr11 

11-bit immediate address or label 

addril 

0800H-0FFFH: 0800H + (11-bit immediate 
address), or label 

addrS 

0040H-007EH: 0040H + 2 X (5-bit immediate 
address), or label 

A 

A register (8-bit accumulator) 

X 

X register 

B 

B register 

C 

C register 

D 

D register 
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PPD78356 Family 


Instruction Set Symbols (cont) 


Symbol 

Definition 

E 

E register 

H 

H register 

L 

L register 

R0-R15 

Register 0 to register 15 

AX 

Register pair AX (16-bit accumulator) 

BC 

Register pair BC 

DE 

Register pair DE 

HL 

Register pair HL 

RPO- 

RP7 

Register pair 0 to register pair 7 

PC 

Program counter 

SP 

Stack pointer 

UP 

User stack pointer (RP5) 

PSW 

Program status word 

PSWH 

High-order 8 bits of PSW 

PSWL 

Low-order 8 bits of PSW 

CY 

Carry flag 

AC 

Auxiliary carry flag 

Z 

Zero flag 

P/V 

Parity/overflow flag 

s 

Sign flag 

TPF 

Table position flag 

RBS 

Register bank select flag 

RSS 

Register set select flag 

IE 

Interrupt enable flag 

STBC 

Standby control register 

WDM 

Watchdog timer mode register 

( ) 

Contents of the location whose address is within 
parentheses: (-f-) and (-) indicate that the address 
is incremented after or decremented after it is 
used 

(0) 

Contents of the memory location defined by the 
quantity within the sets of parentheses 

xxH 

Hexadecimal quantity 

Xh. Xl 

High-order 8 bits and low-order 8 bits of X 

A 

Logical product (AND) 

V 

Logical sum (OR) 

Y 

Exclusive logical sum (exclusive OR) 

- 

Inverted data 


* rp and rpl describe the same registers but generate different 
machine code. 
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PPD78356 Family 


Instruction Set 

Mnemonic Operand 

Operation 

Bytes 

S 

z 

Fiags 

AC 

P/V 

CY 

8‘Bit Data Transfer 

MOV r1, #byte 

r1 byte 

2 






saddr, #byte 

(saddr) byte 

3 






sfr, #byte (Note 1) 

sfr byte 

3 






r, r1 

r<- r1 

2 






A, r1 

A ♦- r1 

1 






A, saddr 

A •<- (saddr) 

2 






saddr, A 

(saddr) •«- A 

2 






saddr, saddr 

(saddr) <- (saddr) 

3 






A, sfr 

A <- sfr 

2 






sfr, A 

sfr <- A 

2 






A, mem (Note 2) 

A <- (mem) 

1 






A, mem 

A *- (mem) 

2-4 






mem, A (Note 2) 

(mem) <- A 

1 






mem, A 

(mem) <- A 

2-4 






A, [saddrp] 

A <- ((saddrp)) 

2 






[saddrp], A 

((saddrp)) A 

2 






A, !addr16 

A <- (addr16) 

4 






!addr16, A 

(add r 16) A 

4 






PSWL, #byte 

PSWL«^ byte 

3 

X 

X 

X 

X 

X 

PSWH, #byte 

PSWH byte 

3 






PSWL, A 

PSWL«-A 

2 

X 

X 

X 

X 

X 

PSWH, A 

PSWH <- A 

2 






A, PSWL 

A ^ PSWL 

2 






A, PSWH 

A PSWH 

2 






XCH A, r1 

A -w r1 

1 






r, r1 

r r1 

2 






A, mem 

A (mem) 

2-4 






A, saddr 

A (saddr) 

2 






A, sfr 

A sfr 

3 






A, [saddrp] 

A ((saddrp)) 

2 






saddr, saddr 

(saddr) ** (saddr) 

3 






IB-Bit Data Transfer 

MOVW rpl, #word 

rpl word 

3 






saddrp, #word 

(saddrp) word 

4 






sfrp, #word 

sfrp word 

4 






rp, rp1 

rp <- rpl 

2 






AX, saddrp 

AX ♦- (saddrp) 

2 






saddrp, AX 

(saddrp) AX 

2 






saddrp, saddrp 

(saddrp) (saddrp) 

3 
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AIPD78356 Family 


Instruction Set (cont) 

Mnemonic Operand 

Operation 

Bytes 

S 

z 

Flags 

AC 

P/V 

CY 

Data Transfer (cont) 

MOVW AX, sfrp 

AX ^ sfrp 

2 






sfrp, AX 

sfrp AX 

2 






rp1, !addr16 

rp1 ■*- (addr16) 

4 






!addr16, rp1 

(addr16) <- rp1 

4 






AX, mem 

AX (mem) 

2-4 






mem, AX 

(mem) AX 

2-4 






XCHW AX, saddrp 

AX (saddrp) 

2 






AX, sfrp 

AX <«* sfrp 

3 






saddrp, saddrp 

(saddrp) (saddrp) 

3 






rp, rp1 

rp rp1 

2 






AX, mem 

AX (mem) 

2-4 






8-Bit Arithmetic 

ADD A, #byte 

A, CY ^ A + byte 

2 

X 

X 

X 

V 

X 

saddr, #byte 

(saddr), CY (saddr) + byte 

3 

X 

X 

X 

V 

X 

sfr, #byte 

sfr, CY <- sfr + byte 

4 

X 

X 

X 

V 

X 

r, r1 

r, CY ^ r + r1 

2 

X 

X 

X 

V 

X 

A, saddr 

A,CY<-A+ (saddr) 

2 

X 

X 

X 

V 

X 

A, sfr 

A, CY^ A + sfr 

3 

X 

X 

X 

V 

X 

saddr, saddr 

(saddr), CY^ (saddr) + (saddr) 

3 

X 

X 

X 

V 

X 

A, mem 

A, CY <- A + (mem) 

2-4 

X 

X 

X 

V 

X 

mem, A 

(mem), CY (mem) + A 

2-4 

X 

X 

X 

V 

X 

ADDC A, #byte 

A, CY^ A + byte + CY 

2 

X 

X 

X 

V 

X 

saddr, #byte 

(saddr), CY (saddr) + byte + CY 

3 

X 

X 

X 

V 

X 

sfr, #byte 

sfr, CY <- sfr + byte + CY 

4 

X 

X 

X 

V 

X 

r, r1 

r, CY ^ r + r1 + CY 

2 

X 

X 

X 

V 

X 

A,saddr 

A, CY^ A + (saddr) + CY 

2 

X 

X 

X 

V 

X 

A, sfr 

A, CY«-A + sfr + CY 

3 

X 

X 

X 

V 

X 

saddr, saddr 

(saddr), CY ^ (saddr) + (saddr) + CY 

3 

X 

X 

X 

V 

X 

A, mem 

A, CY^A + (mem) + CY 

2-4 

X 

X 

X 

V 

X 

mem, A 

(mem), CY (mem) + A + CY 

2-4 

X 

X 

X 

V 

X 

SUB A, #byte 

A, CY^A-byte 

2 

X 

X 

X 

V 

X 

saddr, #byte 

(saddr), CY <- (saddr) - byte 

3 

X 

X 

X 

V 

X 

sfr, #byte 

sfr, CY <- sfr - byte 

4 

X 

X 

X 

V 

X 

r, r1 

r, CY <- r - r1 

2 

X 

X 

X 

V 

X 

A, saddr 

A, CY ^ A - (saddr) 

2 

X 

X 

X 

V 

X 

A, sfr 

A, CY^A-sfr 

3 

X 

X 

X 

V 

X 

saddr, saddr 

(saddr), CY ^ (saddr) - (saddr) 

3 

X 

X 

X 

V 

X 

A, mem 

A, CY^A - (mem) 

2-4 

X 

X 

X 

V 

X 

mem, A 

(mem), CY (mem) - A 

2-4 

X 

X 

X 

V 

X 


5d 
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jiPD78356 Family 


Instruction Set (cont) 

Mnemonic 

Operand 

Operation 

Bytes 

S 

z 

Flags 

AC 

P/V 

CY 

8-Bit Arithmetic (cont) 

SUBC 

A, #byte 

A, CY A - byte - CY 

2 

X 

X 

X 

V 

X 


saddr, #byte 

(saddr), CY (saddr) - byte - CY 

3 

X 

X 

X 

V 

X 


sfr, #byte 

sfr, CY <- sfr - byte - CY 

4 

X 

X 

X 

V 

X 


r, r1 

r, CY r - r1 - CY 

2 

X 

X 

X 

V 

X 


A,saddr 

A, CY <- A - (saddr) - CY 

2 

X 

X 

X 

V 

X 


A, sfr 

A, CY^A-sfr-CY 

3 

X 

X 

X 

V 

X 


saddr, saddr 

(saddr), CY ^ (saddr) - (saddr) - CY 

3 

X 

X 

X 

V 

X 


A, mem 

A,CY^A-(mem)-CY 

2-4 

X 

X 

X 

V 

X 


mem, A 

(mem), CY <- (mem) - A - CY 

2-4 

X 

X 

X 

V 

X 

8-Bit Logic 

AND 

A, #byte 

A*- A/\ byte 

2 

X 

X 


p 



saddr, #byte 

(saddr) (saddr) A byte 

3 

X 

X 


p 



sfr, #byte 

sfr sfr A byte 

4 

X 

X 


p 



r, r1 

r^rArl 

2 

X 

X 


p 



A,saddr 

A^ A A (saddr) 

2 

X 

X 


p 



A, sfr 

A<- A A sfr 

3 

X 

X 


p 



saddr, saddr 

(saddr)(saddr) A (saddr) 

3 

X 

X 


p 



A, mem 

A<^AA (mem) 

2-4 

X 

X 


p 



mem, A 

(mem) (mem) A A 

2-4 

X 

X 


p 


OR 

A, #byte 

A A V byte 

2 

X 

X 


p 



saddr, #byte 

(saddr) (saddr) V byte 

3 

X 

X 


p 



sfr, #byte 

sfr •<- sfr V byte 

4 

X 

X 


p 



r, r1 

r^rVrl 

2 

X 

X 


p 



A,saddr 

A <- A V (saddr) 

2 

X 

X 


p 



A, sfr 

A A V sfr 

3 

X 

X 


p 



saddr, saddr 

(saddr) (saddr) V (saddr) 

3 

X 

X 


p 



A, mem 

A A V (mem) 

2-4 

X 

X 


p 



mem, A 

(mem) (mem) V A 

2-4 

X 

X 


p 


XOR 

A, #byte 

A A V byte 

2 

X 

X 


p 



saddr, #byte 

(saddr) ■«- (saddr) V byte 

3 

X 

X 


p 



sfr, #byte 

sfr «- sfr V byte 

4 

X 

X 


p 



r, r 1 

r <- r V- r1 

2 

X 

X 


p 



A,saddr 

A A V (saddr) 

2 

X 

X 


p 



A, sfr 

A«^A Vsfr 

3 

X 

X 


p 



saddr, saddr 

(saddr) (saddr) V (saddr) 

3 

X 

X 


p 



A, mem 

A A V (mem) 

2-4 

X 

X 


p 



mem, A 

(mem) (mem) V A 

2-4 

X 

X 


p 
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fiPD78356 Family 


Instruction Set (cont) 






Flags 



Mnemonic Operand 

Operation 

Bytes 

S 

z 

AC 

P/V 

CY 

8-Bit Logic (cont) 

CMP A, #byte 

A - byte 

2 

X 

X 

X 

V 

X 

saddr, #byte 

(saddr) - byte 

3 

X 

X 

X 

V 

X 

sfr, #byte 

sfr - byte 

4 

X 

X 

X 

V 

X 

r, r1 

r- r1 

2 

X 

X 

X 

V 

X 

A, saddr 

A - (saddr) 

2 

X 

X 

X 

V 

X 

A, sfr 

A - sfr 

3 

X 

X 

X 

V 

X 

saddr, saddr 

(saddr) - (saddr) 

3 

X 

X 

X 

V 

X 

A, mem 

A - (mem) 

2-4 

X 

X 

X 

V 

X 

mem, A 

(mem) - A 

2-4 

X 

X 

X 

V 

X 

16-Bit Arithmetic 

ADDW AX, #word 

AX, CY -e- AX + word 

3 

X 

X 

X 

V 

X 

saddrp, #word 

(saddrp), CY *- (saddrp) + word 

4 

X 

X 

X 

V 

X 

sfrp, #word 

sfrp, CY <- sfrp + word 

5 

X 

X 

X 

V 

X 

rp, rp1 

rp, CY rp + rpl 

2 

X 

X 

X 

V 

X 

AX, saddrp 

AX, CY AX + (saddrp) 

2 

X 

X 

X 

V 

X 

AX, sfrp 

AX, CY AX + sfrp 

3 

X 

X 

X 

V 

X 

saddrp, saddrp 

(saddrp), CY (saddrp) + (saddrp) 

3 

X 

X 

X 

V 

X 

SUBW AX, #word 

AX, CY <- AX - word 

3 

X 

X 

X 

V 

X 

saddrp, #word 

(saddrp), CY (saddrp) - word 

4 

X 

X 

X 

V 

X 

sfrp, #word 

sfrp, CY sfrp - word 

5 

X 

X 

X 

V 

X 

rp, rp1 

rp, CY <- rp - rpl 

2 

X 

X 

X 

V 

X 

AX, saddrp 

AX, CY ^ AX - (saddrp) 

2 

X 

X 

X 

V 

X 

AX, sfrp 

AX, CY AX - sfrp 

3 

X 

X 

X 

V 

X 

saddrp, saddrp 

(saddrp), CY •«- (saddrp) - (saddrp) 

3 

X 

X 

X 

V 

X 

CMPW AX, #word 

AX - word 

3 

X 

X 

X 

V 

X 

saddrp, #word 

(saddrp) - word 

4 

X 

X 

X 

V 

X 

sfrp, #word 

sfrp - word 

5 

X 

X 

X 

V 

X 

rp, rp1 

rp - rp1 

2 

X 

X 

X 

V 

X 

AX, saddrp 

AX - (saddrp) 

2 

X 

X 

X 

V 

X 

AX, sfrp 

AX - sfrp 

3 

X 

X 

X 

V 

X 

saddrp, saddrp 

(saddrp) - (saddrp) 

3 

X 

X 

X 

V 

X 

Muitipiication/Division 

MULU r1 

AX^Axrl 

2 






DIVUW r1 

AX (quotient), r1 (remainder) AX -j“ r1 

2 






MULUW rpl 

AX (high-order 16 bits), rpl (low-order 16 bits) ♦- 
AX X rpl 

2 






DIVUX rpl 

AXDE (quotient), rpl (remainder) ♦-AXDE rpl 

2 






MULW rpl 

(Note 3) 

AX (high-order 16 bits), rpl (low-order 16 
bits) ■*-AX X rpl 

2 







5d 
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i[iPD78356 Family 


Instruction Set (cont) 







Flags 



Mnemonic 

Operand 

Operation 

Bytes 

S 

z 

AC 

P/V 

CY 

Sum- of-Products 

MACW 

n 

AXDE ^ (B) X (C) + AXDE, B*-B+2, C^C + 

2, n n-1. End if n = 0 or P/V = 1 

3 

X 

X 

X 

V 

X 

Sum-of-Products With Saturation 

MACSW 

n 

AXDE ^ (B) X (C) + AXDE, B <- B+2, C <- C + 2, 
n n-1, if overflow (P/V = 1) then AXDE «- 
7FFFFFFFH, if underflow (P/V = 1) then fiXDE ^ 
80000000H. End if n = 0 or P/V = 1 

3 

X 

X 

X 

X 

X 

Correiation Operation 

SACW 

[DE+], [HL+] 

AX AX + l(DEHHL)l, DE DE+2, HL-e-HL + 

2, C <- C-1. End if C = 0 or CY = 1 

4 

X 

X 

X 

V 

X 

Tabie Shift 

MOVTBLW 

laddr 16, n 
(Note 4) 

(addrIS + 2) *- (addr16), n *- n-1, addr16 
addr16-2. End if n = 0 

4 






Increment/Decrement 

INC 

r1 

r1 «- r1 + 1 

1 

X 

X 

X 

V 



saddr 

(saddr) (saddr) + 1 

2 

X 

X 

X 

V 


DEC 

r1 

r1 ^ r1 - 1 

1 

X 

X 

X 

V 



saddr 

(saddr) <- (saddr) - 1 

2 

X 

X 

X 

V 


INCW 

rp2 

rp2 <- rp2 + 1 

1 







saddrp 

(saddrp) «- (saddrp) + 1 

3 






DECW 

rp2 

rp2 rp2 - 1 

1 







saddrp 

(saddrp) <- (saddrp) - 1 

3 






Shift/Rotate 

ROR 

r1, n 

(CY, rl 7 rio, r1m-i rim) ^ n times 

2 




p 

X 

ROL 

r1, n 

(CY, rio ■'I?' '■1m+ 1 ''1m) X n times 

2 




p 

X 

RORC 

r1, n 

(CY Mq, rl/ ^ CY, r1m-i rl^) x n times 

2 




p 

X 

ROLC 

r1, n 

(CY <- r^J, rio r1m+ 1 ^ r1m) X n times 

2 




p 

X 

SHR 

r1, n 

(CY <- rio, riy <- '^lm-1 rl^) x n times 

2 

X 

X 

0 

p 

X 

SHL 

r1, n 

(CY-e- riy, rio ^ 0, r1m +1 rim) X n times 

2 

X 

X 

0 

p 

X 

SHRW 

rpl, n 

(CY<- rpio, rp1i5<-0, rp1m-i ^rplm) x n times 

2 

X 

X 

0 

p 

X 

SHLW 

rpl, n 

(CY rpl 15 , rpl 0 ^ 0, rpl m +1 rpl m) X n times 

2 

X 

X 

0 

p 

X 

ROR4 

[rp 1 ] 

Aa-o**- (rp1)3-o. ('’Pl)7-4’*“ A3 _o, 

(rp1)3-0’^ ('■p1)7-4 

2 






ROL4 

[rp1] 

Aa-o*^ (rp1)7-4. (rpl)a-o^ A3_o, 

(rp1)7_4^ (rp1)3_o 

2 






BCD Adjustment 

ADJBA 


Decimal adjust accumulator after add 

2 

X 

X 

X 

p 

X 

ADJBS 


Decimal adjust accumulator after subtract 

2 

X 

X 

X 

p 

X 

Data Expansion 

CVTBW 


X <- A, Ae_o Ay 

1 
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Instruction Set (cont) 





Flags 


Mnemonic Operand 

Operation 

Bytes 

S Z 

AC P/V 

CY 

Bit Manipulation 

MOV1 CY, saddrbit 

CY (saddr.bit) 

3 



X 

CY, sfrbit 

CY sfr.bit 

3 



X 

CY, A.bit 

CY <- A.bit 

2 



X 

CY, X.bit 

CY X.bit 

2 



X 

CY, PSWH.bit 

CY<-PSWH.bit 

2 



X 

CY, PSWLbit 

CY PSWL.bit 

2 



X 

saddr.bit, CY 

(saddr.bit) ^ CY 

3 




sfr.bit, CY 

sfr.bit-CY 

3 




A.bit, CY 

A.bit-CY 

2 




X.bit, CY 

X.bit-CY 

2 




PSWH.bit, CY 

PSWH.bit-CY 

2 




PSWLbit, CY 

PSWLbit-CY 

2 

X X 

X X 


AND1 CY, saddr.bit 

CY - CY A (saddrbit) 

3 



X 

CY, /saddr.bit 

CY - CY A (saddr.bit) 

3 



X 

CY, sfnbit 

CY - CY A sfr.bit 

3 



X 

CY,/sfr.bit 

CY — CY A ifEbR 

3 



X 

CY, A.bit 

CY - CY A A.bit 

2 



X 

CY, /A.bit 

CY - CY A Kbit 

2 



X 

CY, X.bit 

CY - CY A X.bit 

2 



X 

CY, /X.bit 

CY - CY A Kbit 

2 



X 

CY, PSWH.bit 

CY - CY A PSWH.bit 

2 



X 

CY, /PSWH.bit 

CY - CY A PSWH.bit 

2 



X 

CY, PSWLbit 

CY - CY A PSWLbit 

2 



X 

CY, /PSWLbit 

CY-CY A PSWLbit 

2 



X 

OR1 CY, saddrbit 

CY - CY V (saddr.bit) 

3 



X 

CY, /saddr.bit 

CY - CY V (saddr.bit) 

3 



X 

CY, sfr.bit 

CY - CY V sfr.bit 

3 



X 

CY, /sfrbit 

CY - CY V iHbit 

3 



X 

CY, A.bit 

CY - CY V A.bit 

2 



X 

CY, /A.bit 

CY — CY V Kbit 

2 



X 

CY, X.bit 

CY - CY V X.bit 

2 



X 

CY, /X.bit 

CY-CY V Kbit 

2 



X 

CY, PSWH.bit 

CY - CY V PSWH.bit 

2 



X 

CY, /PSWH.bit 

CY - CY V PSWH.bit 

2 



X 

CY, PSWLbit 

CY — CY V PSWLbit 

2 



X 

CY, /PSWLbit 

CY — CY V PSWLbit 

2 



X 
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Instruction Set (cont) 







Flags 



Mnemonic 

Operand 

Operation 

Bytes 

S 

z 

AC 

PA^ 

CY 

Bit Manipulation (cont) 

XOR 1 

CY, saddnbit 

CY 4 - CY V (saddnbit) 

3 





X 


CY, sfrbit 

CY •«- CY V sfrbit 

3 





X 


CY, A.bit 

CY-CY VA.bit 

2 





X 


CY, X.bit 

CY«-CYV X.bit 

2 





X 


CY, PSWH.bIt 

CY CY V PSWH.bit 

2 





X 


CY, PSWLbit 

CY^CYV PSWLbit 

2 





X 

SET1 

saddr.bit 

(saddr.bit) 1 

2 







sfnbit 

sfr.bit ♦- 1 

3 







A.bit 

A.bit -e -1 

2 







X.bit 

X.bit-1 

2 







PSWH.bit 

PSWH.bit-1 

2 







PSWLbit 

PSWLbit-1 

2 

X 

X 

X 

X 

X 

CLR1 

saddr.bit 

(saddr.bit) — 0 

2 







sfr.bit 

sfr.bit — 0 

3 







A.bit 

A.bit-0 

2 







X.bit 

X.bit-0 

2 







PSWH.bit 

PSWH.bit-0 

2 







PSWLbit 

PSWLbit-0 

2 

X 

X 

X 

X 

X 

NOT 1 

saddr.bit 

(saddr.bit) — (saddr.bit) 

3 







sfr.bit 

sfnbit— sfr.bit 

3 







A.bit 

A.bit — A.bit 

2 







X.bit 

X.bit - XlTt 

2 







PSWH.bit 

PSWH.bit-PSWH.bit 

2 







PSWLbit 

PSWLbit-PSWLbit 

2 

X 

X 

X 

X 

X 

SZHHI 

CY 

CY - 1 

1 





1 


CY 

o 

-< 

t 

o 

1 





0 


CY 

CY-CY 

1 





X 

Subroutine Linkage 

CALL 

!addr16 

(SP-1) - (PC + 3)h, (SP - 2) - (PC + 3)l, 

PC - addr16, SP - SP - 2 

3 







rpl 

(SP- 1 ) - (PC + 2)h, (SP - 2) - (PC + 2)l, 

PCh ♦*“ rp1 1 ^, PCl ♦“ rpl l, SP — SP - 2 

2 







[rp 1 ] 

(SP-1) - (PC + 2)h, (SP - 2) - (PC + 2)l, 

PCh ♦- (rpl + 1), PCl — (rpl), SP — SP - 2 

2 






CALLF 

iaddril 

(SP-1) - (PC + 2)h, (SP - 2) - (PC + 2)l, 

PCi 5 _n — 00001, PCio_o — addril, SP — SP - 2 

2 






CALL! 

[addrS] 

(SP-1) - (PC + 1)h, (SP - 2) - (PC + 1)l, 

PCh (TPFxSOOOH + 2 x addrS + 41H), 

PCl (TPFxSOOOH + 2 x addrS + 40H), SP - 
SP-2 

1 
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Instruction Set (cont) 







Flags 



Mnemonic 

Operand 

Operation 

Bytes 

S 

Z 

AC 

P/V 

CY 

Subroutine Linkage (cont) 

BRK 


(SP-1) PSWH, (SP -2)*- PSWL, (SP ~ 

3) (PC + 1)h, (SP - 4) -H- (PC + 1)l, 

PCl - (003EH), PCh *- (003FH), SP - SP - 4, 

IE<-0 

1 






RET 


PCl - (SP), PCh (SP + 1), SP SP + 2 

1 






RETB 


PCl (SP), PCh - (SP + 1), PSWL - (SP + 2), 
PSWH - (SP + 3), SP SP + 4 

1 

R 

R 

R 

R 

R 

RETi 


PCl — (SP), PCh ^ (SP + 1), PSWL (SP + 2), 
PSWH - (SP + 3), SP - SP + 4 

1 

R 

R 

R 

R 

R 

Stack Manipuiation 

PUSH 

sfrp 

(SP - 1) sfrn, (SP - 2) ^ sfrL, SP ^ SP - 2 

3 







post 

{(SP - 1) - rppH, (SP - 2) - rppL, SP ^ SP - 2} x 
n (Note 5) 

2 







PSW 

(SP - 1) PSWH, (SP -2)*- PSWL, SP <- SP - 2 

1 






PUSHU 

post 

{(UP - 1) - rppH, (UP -2)^ rppL, UP «- UP - 2} x 
n (Note 5) 

2 






POP 

sfrp 

SfrL (SP), sfrn (SP + 1), SP SP + 2 

3 







post 

{rppL ♦- (SP), rppH ■*- (SP + 1), SP SP + 2} x n 
(Note 5) 

2 







PSW 

PSWL (SP), PSWH - (SP + 1), SP ^ SP + 2 

1 

R 

R 

R 

R 

R 

POPU 

post 

{rppL (UP), rppH (UP + 1), UP UP + 2} x n 
(Note 5) 

2 






MOVW 

SP, #word 

SP <•- word 

4 







SP, AX 

SP-AX 

2 







AX, SP 

AX-^SP 

2 






INCW 

SP 

SP - SP + 1 

2 






DECW 

SP 

SP SP - 1 

2 






Pin Levei Test 

CHKL 

sfr 

(Pin level) V (Internal signal level) 

3 

X 

X 


P 


CHKLA 

sfr 

A ♦- (Pin level) V (internal signal level) 

3 

X 

X 


P 


Unconditionai Branch 

BR 

!addr16 

PC addr16 

3 







rp1 

PCH-rplH,PCL-^rp1i. 

2 







[rp 1 ] 

PCh (rp1 + 1), PCl-^ (rp1) 

2 







$addr16 

PC ■«- PC + 2 + jdispS 

2 






Conditionai Branch 

BC, BL 

$addr16 

PC 4- PC + 2 + jdlspS If CY = 1 

2 






BNC, BNL 

$addr16 

PC 4- PC + 2 + jdispS if CY = 0 

2 






BZ, BE 

$addr16 

PC 4- PC + 2 + jdispS if Z = 1 

2 






BNZ, BNE 

$addr16 

PC 4- PC + 2 + jdispS If Z = 0 

2 






BV, BPE 

$addr16 

PC 4- PC + 2 + jdispS If P/V = 1 

2 
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Instruction Set (cont) 

Mnemonic 

Operand 

Operation 

Bytes 

S 

z 

Flags 

AC 

P/V 

CY 

Conditional Branch (cont) 

BNV, BPO 

$addr16 

PG ^ PC + 2+ jdispS if P/V = 0 

2 






BN 

$addr16 

PC*-PC+ 2+ jdispS if S = 1 

2 






BP 

$addr16 

PC <- PC + 2+ jdispS if S = 0 

2 






BGT 

$addr16 

PC PC + 3 + jdispS if (P/V V S ) V Z = 0 

3 






BGE 

$addr16 

PC <- PC + 3 + jdispS if P/V Vs = 0 

3 






BLT 

$addr16 

PC ^ PC + 3 + jdispS if P/V Vs = 1 

3 






BLE 

$addr16 

PC PC + 3 + jdispS if (P/V V S) V Z = 1 

3 






BH 

$addr16 

PC*-PC+ 3 + jdispS if Z V CY = 0 

3 






BNH 

$addr16 

PC ^ PC + 3 + jdispS if Z V CY = 1 

3 






BT 

saddr.bit, $addr16 

PC PC + 3 + jdispS if (saddr.bit) = 1 

3 







sfr.bit, $addr16 

PC «- PC + 4 + jdispS if sfr.bit = 1 

4 







A.bit, $addr16 

PC <- PC + 3 + jdispS If A.bit = 1 

3 







X.bit, $addr16 

PC -e- PC + 3 + jdispS if X.bit =1 

3 







PSWH.bit, $addr16 

PC ^ PC + 3 + jdispS if PSWH.bit = 1 

3 







PSWLbit, $addr16 

PC ^ PC + 3 + jdispS if PSWLbit = 1 

3 






BF 

saddr.bit, $addr16 

PC <«- PC + 4 + jdispS If (saddr.bit) = 0 

4 







sfr.bit, $addr16 

PC PC + 4 + jdispS if sfr.bit = 0 

4 







A.bit, $addr16 

PC PC -f 3 + jdispS if A.bit = 0 

3 







X.bit, $addr16 

PC "t- PC + 3 + jdispS if X.bit = 0 

3 







PSWH.bit, $addr16 

PC ^ PC + 3 + jdispS if PSWH.bit = 0 

3 







PSWLbit, $addr16 

PC -6- PC + 3 + jdispS if PSWLbit = 0 

3 






BTCLR 

saddr.bit, $addr16 

PC PC + 4 + jdispS if (saddr.bit) = 1 then reset 
(saddr.bit) 

4 







sfr.bit, $addr16 

PC «- PC + 4 + jdispS if sfr.bit = 1 then reset 
sfr.bit 

4 







A.bit, $addr16 

PC PC + 3 + jdispS if A.bit = 1 then reset A.bit 

3 







X.bit, $addr16 

PC <- PC + 3 + jdispS If X.bit = 1 then reset X.bit 

3 







PSWH.bit, $addr16 

PC PC + 3 + jdispS if PSWH.bit = 1 then reset 
PSWH.bit 

3 







PSWLbit, $addr16 

PC PC + 3 + jdispS if PSWLbit = 1 then reset 
PSWLbit 

3 

X 

X 

X 

X 

X 

BFSET 

saddr.bit, $addr16 

PC PC + 4 + jdispS if (saddr.bit) = 0 then set 
(saddr.bit) 

4 







sfr.bit, $addr16 

PC "t- PC + 4 + jdispS if sfr.bit = 0 then set sfr.bit 

4 







A.bit, $addr16 

PC <- PC + 3 + jdispS if A.bit = 0 then set A.bit 

3 







X.bit, $addr16 

PC >«- PC + 3 + jdispS if X.bit = 0 then set X.bit 

3 







PSWH.bit, $addr16 

PC •*- PC + 3 + jdispS if PSWH.bit = 0 then set 
PSWH.bit 

3 







PSWLbit, $addr16 

PC <- PC + 3 + jdispS if PSWLbit = 0 then set 
PSWLbit 

3 

X 

X 

X 

X 

X 
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Instruction Set (cont) 







Flags 



Mnemonic 

Operand 

Operation 

Bytes 

S 

z 

AC 

P/V 

CY 

Conditional Branch (cont) 

DBNZ 

r2, $addr16 

r2 r2 - 1, then PC <«- PC + 2 + jdispS if r2 = 0 

2 







saddr, $addr16 

(saddr) <«- (saddr) - 1, then PC ♦- PC + 3 + jdispS 
if (saddr) = 0 

3 






Context Switching 

BRKCS 

RBn 

RBS 2-0 ^ n, PCh R5, PCl R4, R7 PSWH, 

R6 ^ PSWL, RSS0, IE ^ 0 

2 






RETCS 

!addr16 

PCh R5, PCl ^ R4, R5 addrlSn, 

R4 addr16L, 

PSWH R7, PSWL ^ R6 

3 

R 

R 

R 

R 

R 

RETCSB 

!addr16 

PCh R5, PCl R4, R5 addrlSn, 

R4 addr16L,PSWH ^ R7, PSWL ^ R6 

4 

R 

R 

R 

R 

R 

String Manipulation 

MOVM 

[DE+], A 

(DE+ ) ^ A, C ^ C-1 End if C = 0 

2 







[DE-], A 

(DE-) ^ A, C C-1 End if C = 0 

2 






MOVBK 

[DE+], [HL+] 

(DE+) (HL+ ), C ^ C-1 End if C = 0 

2 







[DE-], [HL-] 

(DE-) - (HL-), C C-1 End if C = 0 

2 






XCHM 

[DE+], A 

(DE+) ^ A, C <- C-1 End if C = 0 

2 







[DE-], A 

(DE-) ^ A, C ^ C-1 End if C = 0 

2 






XCHBK 

[DE+], [HL+] 

(DE+) ^ (HL+), C C-1 End if C = 0 

2 







[DE-], [HL-] 

(DE-) (HL-), C C-1 End if C = 0 

2 






CMPME 

[DE+], A 

(DE+) - A, C <- C-1 End if C = 0 or Z = 0 

2 

X 

X 

X 

V 

X 


[DE-], A 

(DE-) - A, C ^ C-1 End if C = 0 or Z = 0 

2 

X 

X 

X 

V 

X 

CMPBKE 

[DE+], [HL+] 

(DE+)-(HL+), C^C-1 EndifC= 0orZ= 0 

2 

X 

X 

X 

V 

X 


[DE-], [HL-] 

(DE-) - (HL-), C ^ C-1 End if C = 0 or Z = 0 

2 

X 

X 

X 

V 

X 

CMPMNE 

[DE+], A 

(DE+)-A, C^C-1 EndifC = 0orZ= 1 

2 

X 

X 

X 

V 

X 


[DE-], A 

(DE-) - A, C C-1 End if C = 0 or Z = 1 

2 

X 

X 

X 

V 

X 

CMPBKNE 

[DE+].[HL+] 

(DE+ ) - (HL+ ), C - C-1 End if C = 0 or Z = 1 

2 

X 

X 

X 

V 

X 


[DE-], [HL-] 

(DE-) - (HL-), C ^ C-1 End if C = 0 or Z = 1 

2 

X 

X 

X 

V 

X 

CMPMC 

[DE+]. A 

(DE+ ) - A, C ^ C-1 End if C = 0 or CY = 0 

2 

X 

X 

X 

V 

X 


[DE-], A 

(DE-) - A, C ^ C-1 End if C = 0 or CY = 0 

2 

X 

X 

X 

V 

X 

CMPBKC 

[DE+], [HL+] 

(DE+)-(HL+), C^C-1 EndifC= 0orCY= 0 

2 

X 

X 

X 

V 

X 


[DE-], [HL-] 

(DE-) - (HL-), C C-1 End if C = 0 or CY = 0 

2 

X 

X 

X 

V 

X 

CMPMNC 

[DE+], A 

(DE+ ) - A, C C-1 End if C = 0 or CY = 1 

2 

X 

X 

X 

V 

X 


[DE-]. A 

(DE-) - A. C ^ C-1 End if C = 0 or CY = 1 

2 

X 

X 

X 

V 

X 

CMPBKNC 

[DE+], [HL+] 

(DE+)-(HL+), C<-C-1 EndifC= 0 or CY = 1 

2 

X 

X 

X 

V 

X 


[DE-], [HL-] 

(DE-) - (HL-), C ^ C-1 End if C = 0 or CY = 1 

2 

X 

X 

X 

V 

X 


5d 
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Instruction Set (cont) 

Mnemonic 

Operand 

Operation 

Bytes 

Fiags 

S Z AC P/V 

CY 

CPU Control 

MOV 

STBC, #byte 

STBC byte (Note 6) 

4 




WDM, #byte 

WDM ♦- byte (Note 6) 

4 



SWRS 


RSS-^ 

1 



SEL 

RBn 

RBS 2-0 n, RSS 0 

2 




RBn, ALT 

RBS 2.0 n, RSS *- 1 

2 



NOP 


No operation 

1 



El 


IE 1 (Enable Interrupt) 

1 



Dl 


IE ♦- 0 (Disable interrupt) 

1 




Notes: 

(1) A special instruction is used to write to STBC and WDM. 

(2) One byte move instruction when [DE], [HL], [DE+], [DE-], 
[HL+], or [HL-J is specified for mem. 

(3) 16-bit signed multiply instruction 

(4) Addressing range is OFEOOH to OFEFFH. 

(5) rpp refers to register pairs specified in post byte, "n” Is the 
number of register pairs specified in post byte. 

(6) Trap if data bytes in operation code are not one’s complement. If 
trap, then: 

(SP-1) PSWH, (SP-2) - PSWL, (SP-3) - (PC-4)h, 

(SP-4) (PC-4)l, PCl (003CH), PCh (003DH). 

SP -e- SP-4, IE 0. 
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Development Tools 


Section 6 
Development Tools 


Development Tools Selection Guide 

6-a 

ROM Code Submission Guide 

6-b 

PG-1500 Series 

PROM Programmer 

6-c 

juPD78C00 Product Line: 8-Bit Microcontrollers 

IE-78C11-M 

In-Circuit Emulator for the juPD78C00 Product 

Line 

6-d 

CC87 

Micro-Series C Compiler Package for the 
/iPD78C00 Product Line 

6-e 

RA87 

Relocatable Assembler Package for the 
/iPD78C00 Product line 

6-f 

/uPD78K0 Product Line: 8-Bit Microcontrollers 

IE-78000-R 

In-Circuit Emulator for the jL/PD78K0 Product 

Line 

6-g 

CC78K0 

C Compiler for the pPD78K0 Product Line 

6-h 

RA78K0 

Relocatable Assembler Package for the 
jL/PD78K0 Product Line 

6-i 

SD78K0 

Screen Debugger for the /jPD 78K0 Product 

Line 

6-j 

/iPD78K2 Product Line: 8-Bit Microcontrollers 

IE-78230-R 

In-Circuit Emulator for the ^/PD78224/238 

Families 

6-k 

IE-78240-R 

In-Circuit Emulator for the pPD78214/218A/244 
Families 

6-I 


DDB-78K2 

Evaluation Board for the ^PD78K2 Product 

Line 

6-m 

EB-78230-PC 

Evaluation Board for the pPD78238 Family 

6-n 

EB-78240-PC 

Evaluation Board for the /iPD78214/218A/244 
Families 

6-0 

CC78K2 

C Compiler for the /jPD 78K2 Product Line 

6-p 

RA78K2 

Relocatable Assembler Package for the 
jL/PD78K2 Product Line 

6-q 

fiPD78K3 Product Line: 16-/8-Bit Microcontrollers 

IE-7831 OA-R 

In-Circuit Emulator for the )L(PD78312A Family 

6-r 

IE-78327-R 

In-Circuit Emulator for the pPD78322 Family 

6-s 

IE-78350-R 

In-Circuit Emulator for the /iPD78352/356 
Families 

6-t 

EB-78320-PC 

Evaluation Board for the /jPD 78322 Family 

6-u 

EB-78350-PC 

Evaluation Board for the /jPD 78352 Family 

6-v 

CC78K3 

C Compiler for the pPD78K3 Product Line 

6-w 

RA78K3 

Relocatable Assembler Package for the 
JL/PD78K3 Product Line 

6-x 



Development Tools 
Selection Guide 
K-Series 



NEC Electronics Inc. 


i 

i 


NEC provides a variety of development support tools to 
enable effective program development and hardware 
development for various microcontrollers. The devel¬ 
opment tools are used for efficient software assembly/ 
compilation or debugging. 

A debugger can be used alone in a debugging system. 
However, development time and cost can be reduced 
by using symbolic debugging, which Is made available 
by connecting the debugger to a host machine. 

NEC currently supports development environments 
that use an IBM-PC compatible personal computer. 


Development Procedure 
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Development Tools 


Typical Development Environment (jnPD78C00) 

HPD78C11AGQ-36 Development Environment 
IBM PC Compatible 


Assembler C Compiler IE Control 
Package Program 



Host Machine 
IBM PC Compatible 


2 


[Emulation System] 












Development Tools 


/tPP78C00 Product Line Development Tools 


Target Device 

Package 

In-Circuit 

Emulator 

Conversion 

Socket 

Software 

Packages 






I 


A/PD78C10ACW 

//PD78C11ACW 

/JPD78C12ACW 

/iPD78C14CW 

/iPD78C17CW 

/iPD78C18CW 

/iPD78CP14CW 

/iPD78CP14DW 

A/PD78CP18CW 

;iPD78CP18DW 

64-pin SDIP 

IE-78C11-M 

EV-9001-64 

RA87-D52 

(Relocatable 

assembler) 

and 

CCMSD-15DD-87 
(C compiler) 

/iPD78C10AGQ36 

/iPD78C11AGQ 

;iPD78C12AGQ 

/iPD78C14G36 

^PD78C17GQ 

/JPD78C18GQ 

juPD78CP14GQ 

juPD78CP14R 

/JPD78CP18GQ 

64-pin QUiP 

Supplied 
with iE 

;iPD78C10AGF 

^PD78C11AGF 

A/PD78C12AGF 

/JPD78C14GF 

/7PD78C14G-1B 

/iPD78C17GF 

//PD78C18GF 

/iPD78CP14GF 

/JPD78CP18GF 

-H 

64-pin QFP 


/iPD78CP18KB 

64-pin ceramic 

LCC with window 

EV-9200G-64 

/iPD78C10AL 

A/PD78C11AL 

/iPD78C12AL 

/iPD78C14L 

/;PD78CP14L 

68-pin PLCC 

AS-QiP-PCC-D78C1X 



Note: The 64-pin QFP package conversion adapter is manufactured 
by San Hayato Co., Ltd. The QUIP to PLCC adapter 
(“AS-QiP-PCC-D78C1X’’) is manufactured by Emuiation 
Technoiogy, 
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Development Tools 


/iPD78K0 Product Line Development Tools 


In-circuit 


Emulation 


Emulation 


Conversion 


Software 


Target Device 


/7PD78001CW 
/iPD78002CW 


Package Emulator 



64-pin SDIP IE-78000-R 


Board 



IE-78014-R-EM 


Probe 


□=a 


EP-78240CW-R 


(option) 


(option) 


Socket 



Packages 


RA78K0-D52 

(Relocatable 


A/PD78001GC 

/iPD78002GC 

/L/PD78011CW 

/7PD78012CW 

/JPD78013CW 

/iPD78014CW 

/JPD78P014CW 

iLiPD78P014DW 


64-pin QFP 


64-pin SDIP 


EP-78240GC-R* 


EV-9200GC-64 


(option) 

EP-78240CW-R 

(option) 


Assembler) 

and 

CC78K0-D52 
(C compiler) 
and 

CL78K0-D52 
(C compiler 
library) 
and 


/iPD78011GC 

/iPD78012GC 

^PD78013GC 

/JPD78014GC 

/7PD78P014GC 

64-pin QFP 

pPD78042GF 

A/PD78043GF 

^PD78044GF 

/iPD78P044GF 

/iPD78P044KL-S 

80-pin QFP 

/iPD78052GC 

/iPD78053GC 

/^PD78054GC 

/VPD78P054GC 

80-pin QFP 
(14 X 14 mm) 

/JPD78062GC 

/JPD78063GC 

/iPD78064GC 

/iPD78P064GC 

100-pin QFP 
(14 X 14 mm) 

A/PD78062GF 

juPD78063GF 

/JPD78064GF 

/JPD78P064GF 

/iPD78P064KL-T 

100-pin QFP 
(14x20 mm) 



EP-78240GC-R* 

(option) 

EV-9200GC-64 

IE-78044-R-EM 

(option) 

EP-78130GF-R* 

(option) 

EV-9200G-80 

IE-78064-R-EM 

(option) 

EP-78230GC-R* 

(option) 

EV-9200GC-80 


EP-78064GC-R* 

(option) 

EP-9500GC-100 


EP-78064GF-R* 

EV-9200GF-100 


SD78K0-D52 
(Screen debugger) 
and 

(GUBED due 
late 1993) 


(option) 


* Includes one required socket adapter shown at right. 
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Development Tools 


/tPD78K2 Product Line Development Tools 


Design 

Development Low-End 
Target Device Package Board Emulator 


In-Circuit 

Emulator 


Emulation 

Probe 


Conversion 

Socket 


Software 

Packages 




0=0 



/iPD78212CW 64-Pin SDIP DDB-78K2-21X EB-78210-PC 

;t;PD78213CW or 

pPD78214CW EB-78240 -PC 

/JPD78P214CW 

/iPD78P214DW 

/JPD78217ACW 

A/PD78218ACW — — 

/iPD78P218ACW 

/JPD78P218ADW 


/iPD78213GQ 64-pin QUIP DDB-78K2-21X EB-78210-PC 

/iPD78214GQ or 

/7PD78P214GQ EB-78240-PC 


/iPD78213L 68-pin PLCC 

/JPD78214L 

/iPD78P214L 

/;PD78212GJ 74-pin QFP 

/iPD78213GJ 

/iPD78214GJ 

/iPD78P214GJ 

/iPD78212GC 64-pin QFP 

/iPD78213GC 

/iPD78214GC 

/JPD78P214GC _ _ 

A;PD78217AGC — — 

/iPD78218AGC 

/iPD78220L 84-pin PLCC DDB-78K2-22X EB-78220-PC 

/JPD78224L or 

/JPD78P224L EB-78230-PC 

)[iPD78220GJ 94-pin QFP 

A/PD78224GJ 

/;PD78P224GJ 

A;PD78233GC 80-pin QFP DDB-78K2-23X EB-78230-PC 

/7PD78234GC 

pPD78237GC 

/iPD78238GC 

//PD78P238GC 

A/PD78233GJ 94-pin QFP 

/;PD78234GJ 

/JPD78237GJ 

/iPD78238GJ 

AiPD78P238GJ 

/iPD78P238KF 


* Includes one required socket adapter shown at right. 


IE-78240-R 
(Old device) 
or 

IE-78240-R-A 
(New device) 


EP-78240CW-R 

(option) 


EP-78240GQ-R 

(option) 


EP-78240LP-R 

(option) 

EP-78240GJ-R* 

or 

EP-78210GJ 

EP-78240LP-R 


EV-9200G-74 


IE-78230-R 
(Old device) 
or 

IE-78230-R-A 
(New device) 


EP-78230GJ-R* 
or EP-78220GJ 
EP-78230LQ-R 


EV-9200G-94 


CC78K2-D52 
(C compiler) 
and 

CL78K2-D52 
(C library) 
and 

RA78K2-D52 

(Relocatable 

Assembler) 

and 

Avocet Tool 
chain from 
Avocet Systems, 
Inc. 

(207) 236-9055 
(800) 448-8500 
Consists of: 

C compiler, 
assembler, 
debugger, 
simulator. 


EP-78240GC-R* EV-9200GC-64 

(option) 


EP-78230LQ-R 

(option) 


EP-78230GC-R* EV-9200GC-80 

(option) 


EP-78230GJ-R* EV-9200G-94 

(option) 
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;iPD78K2 Product Line Development Tools (cont) 


Target Device Package 


Design 

Development 

Board 


In-Circuit 

Emulator 



//PD78233LQ 

A/PD78234LQ 

A/PD78237LQ 

A/PD78238LQ 

A/PD78P238LQ 


^PD78243CW 

/iPD78244CW 


Low-End 

Emulator 




84-pin PLCC DDB-78K2-23X EB-78230-PC IE-78230-R 

(Old device) 
or 

IE-78230-R-A 
(New device) 




64-pin SDIP 


EB-78240-PC IE-78240-R 

(Old device) 
or 

IE-78240-R-A 
(New device) 


/irPD78243GG 

/iPD78244GC 


64-pin QFP 


Emulation 

Probe 

Conversion 

Socket 

□==a 


EP-78230LQ-R 

(option) 


EP-78240CW-R 

(option) 


EP-78240GC-R* 

(option) 

EV-9200GC-64 


Software 

Packages 


CC78K2-D52 
(C compiler) 
and 

CL78K2-D52 
(C library) 
and 

RA78K2-D52 

(Relocatable 

Assembler) 

and 

Avocet Tool 
chain from 
Avocet Systems, 
Inc. 

(207) 236-9055 
(800) 448-8500 
Consists of: 

C compiler, 
assembler, 
debugger, 
simulator. 
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Development Tools 


^PD78K3 Product Line Development Tools 


Target Device 


Package 


Evaluation 

Board 


In-Circuit 

Emulator 


Emulation 

Probe 


Conversion 

Socket 


Softv/are 

Packages 



my 


D=n 



//PD78310ACW 

/iPD78312ACW 

/iPD78P312ACW 

/iPD78P312ADW 


/JPD78310AGQ 

JUPD78312AGQ 

/JPD78P312AGQ 

/iPD78P312AR 


A/PD78310AGF 

/L/PD78312AGF 

/iPD78P312AGF 


/JPD78310AL 

jL/PD78312AL 

A/PD78P312AL 


/iPD78320GJ 

A/PD78322GJ 

A/PD78P322GJ 

/iPD78P322KD 


/iPD78320L 

/iPD78322L 

A/PD78P322KC 

/iPD78P322L 


/iPD78322GF 

/iPD78P322GF 

/UPD78P322K 


/iPD78327GF 

/UPD78328GF 

/iPD78P328GF 


//PD78327CW 

/[iPD78328CW 

A<PD78P328DW 


A/PD78330LQ 

/iPD78334LQ 

/iPD78P334LQ 


^PD78330GJ 

/JPD78334GJ 

/iPD78P334GJ 

AiPD78P334KE 


64-pin SDIP 


DDK-78310A 


IE-78310A-R 


EP-78310GQ 
Supplied 
with IE 


64-pin QUIP 


64-pin QFP 


EP-78310GF* 

(option) 


68-pin PLCC 


EP-78310L 

(option) 


74-pin QFP 


EB-78320-PC 


IE-78327-R 


EP-78320GJ-R* 

(option) 


68-pin PLCC 


EP-78320L-R 

(option) 


80-pin QFP 


EP-78320GF-R* 

(option) 


64-pin QFP 


EB-78327-PC 


IE-78327-R 


EP-78327GF-R* 

(option) 


64-pin SDIP 


EP-78327CW-R 

(option) 


84-pin PLCC 


EB-78330-PC 


IE-78330-R 


EP-78330LQ-R 

(option) 


94-pin QFP 


EP-78330GJ-R* 

(option) 


EV-9200G-64 


EV-9200G-74 


EV-9200G-80 


EV-9200G-64 


EV-9200G-94 


CC78K3-D52 
(C compiler) 
and 

RA78K3-D52 

(Relocatable 

Assembler) 

and 

GUBED 

(New Graphical 
Users binary 
evaluation 
display) 
due end 1993 


* Includes one required socket adapter shown at right. 
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/iPD78K3 Product Line Development Tools (cont) 


Evaluation In-Circuit Emulation Conversion Software 

Target Device Package Board Emulator Probe Socket Packages 



/UPD78350GC 

64-pin QFP 

EB-78350-PC 

IE-78350-R 

EP-78240GC-R* 

EV-9200GC-64 

CC78K3-D52 

/iPD78352G-22 

/JPD78P352G-22 

/JPD78P352KK 



IE-78350-R-EM1 

(option) 


(C compiler) 
and 

RA78K3-D52 

(Relocatable 

/iPD78355GC 

/iPD78356GC 

jL/PD78P356GC 

100-pin QFP 


IE-78350-R 

IE-78355-R-EM1 

EP-78355GC-R* 

(option) 

EV-9500GC-100 

Assembler) 

and 

GUBED 

(New Graphical 
Users binary 

A/PD78P356KP-S 

120-pin LCC 




EV-9500GC-100 

EV-9501GC-100 

evaluation 
display) 
due end 1993 


* Includes one required socket adapter shown at right. 
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PROM Programmers (K-Series) 


Target PROM 

Programmer Adapter 

PROM Programmer 




/iPD78P014CW 

A/PD78P014DW 

PA-78P014CW 

PG-1500 

/JPD78P014GC 

PA-78P014GC 

/iPD78P044GF 

PA-78P044GF 

/iPD78P044KL-S 

PA-78P044KL-S 

A/PD78P054GC 

PA-78P054GC 

/iPD78P054GK 

PA-78P054GK 

/iPD78P054KK-S 

PA-78P054KK-S 

A/PD78P064GC 

PA-78P064GC 

/YPD78P064GF 

PA-78P064GF 

/iPD78P064KL-T 

PA-78P064KL-T 

/JPD78P214CW/DW 

A/PD78P218CW 

/iPD78P218ADW 

PA-78P214CW 

/iPD78P214GC 

PA-78P214GC 

/JPD78P214GJ 

PA-78P214GJ 

A<PD78P214GQ 

PA-78P214GQ 

/iPD78P214L 

PA-78P214L 

/iPD78P224GJ 

PA-78P224GJ 

A/PD78P224L 

PA-78P224L 

/iPD78P238GC 

PA-78P238GC 

iuPD78P238GJ 

PA-78P238GJ 

/iPD78P238KF 

PA-78P238KF 

A/PD78P238LQ 

PA-78P238LQ 

/iPD78P312ACW 

A/PD78P312ADW 

PA-78P312CW 

A/PD78P312AR 

A/PD78P312AGQ 

PA-78P312GQ 

;iPD78P312AL 

PA-78P312L 

/JPD78P312AGF 

PA-78P312GF 

^PD78P322L 

PA-78P322L 

iL7PD78P322GJ 

PA-78P322GJ 

/iPD78P322GF 

PA-78P322GF 

A/PD78P322KC 

PA-78P322KC 

/iPD78P322KD 

PA-78P322KD 

/iPD78P324LP 

PA-78P324LP 
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PROM Programmers (K-Series) (cont) 


Target PROM 

Programmer Adapter 

PROM Programmer 




A/PD78P324KC 

PA-78P324KC 

PG-1500 

/iPD78P328GF 

PA-78P328GF 

/JPD78P334LQ 

PA-78P334LQ 

/iPD78P334GJ 

PA-78P334GJ 

A/PD78P334KE 

PA-78 P334KE 

A/PD78P334KF 

PA-78P334KF 

/;PD78P352GC 

PA-78P352GC 

/iPD78P352KK 

PA-78P352KG 

A/PD78P356GC 

PA-78P356GC 

/JPD78P356KP-S 

PA-78P356KP 


PROM Programmers (nPD78C00) 


Target PROM 

Programmer Adapter 

PROM Programmer 




/iPD78CP14CW 

/iPD78CP14DW 

//PD78CP18CW 

/iPD78CP18DW 

PA-78CP14CW 

PG-1500 

/JPD78CP14R 

^PD78CP14GQ 

/iPD78CP18GQ 

PA-78CP14GQ 


/iPD78CP14GF 

/iPD78CP18GF 

RA-78CP14GF 


//PD78CP14L 

PA-78CP14L 


/iPD78CP18KB 

PA-78CP14KB 
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ROM Code Submission Guide 


NEC Electronics Inc. 


September 1993 


Introduction 

This guide provides direction for submitting the data 
files used by NEC to program semicustomized inte¬ 
grated circuits (a complete list of which appears in 
tables). 


Minimum Requirements 

Any one of the means described may be selected, but 
NEC requires multiple copies of every file, as well as 
device-specific information such as chip type, package 
type, and package lead type. 


Where to Send Files 

Data files should be sent directly to Micro SBU, Cus¬ 
tomer Marketing, NEC Electronics, Mountain View, Cal¬ 
ifornia, 94039. 

Acceptable Media 

NEC accepts data from the following: 

□ In programmable ICs such as NEC’s /iPD27C2000 
UV EPROM or jLiPD75P308 programmable 4-blt 
microprocessor 

□ On floppy diskette in MS-DOS® or PC DOS^” 
formats 

— 5-1/4 inch disk (either 360K or 1.2 Mbyte) 

— 3-1/2 inch disk (either 360K, 720K or 1.44 Mbyte) 

□ Via modem over the telephone lines 

— At 300 to 14,400 bps 

— With 8 data bits, no parity, 1 stop bit 

— Using XMODEM, YMODEM or KERMIT protocol 

□ Via InterNet at shin @ asic.mtv.nec.com 

□ When opting for modem transmittal, call Customer 
Marketing for the appropriate engineering contact, 
dial-up number, and hours of availability. 


MS-DOS is a registered trademark of Microsoft. 

PC DOS is a trademark of International Business Machines Corp. 
Intel is a trademark of Intel. 

*This will ensure that NEC has two copies for file comparison at the 
NEC site, and that you will be able to perform a file comparison. 


□ A minimum of two copies of the chosen media 
must be submitted. Three copies are preferred, as 
this lessens the problems caused when one copy 
is flawed. Please note that for modem transfers, 
the file must be transmitted twice* to NEC and 
transmitted once from NEC back to you. 

□ Unless submitted by means of programmable ICs, 
data files must be In Intel"” hexadecimal or 
extended hexadecimal format. 

□ Source code or the executable binary of a data file 
may be submitted but is not required. 

□ Files taken from or read from previously built ICs, 
even those produced for you by NEC, will not be 
accepted. 

Taking Precautions 

NEC assumes no responsibility for data bits within a 
target device’s programmable area, and it is therefore 
imperative that you define ^ bits within the possible 
range of addresses. For example, if the programmable 
area is 128K x 8 bits, and your datafile defines only the 
first 64K X 8 bits, there is no way for NEC to know how 
to program the remaining 64K. 


Furthermore, If your programming equipment was left 
with random data in its memory from a previous oper¬ 
ation, valid data would be built into the first half of the 
programmable area and garbage data into the second 
half—causing unforeseen and possibly very expensive 
problems in the final design. Blank space must be 
defined as either all Os or all Is, or as binary NOP, in 
which case the binary code for an NOP instruction 
needs to be specified. 
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What You Can Expect from NEC 

After the media or devices have been received by NEC, 
the copies will be compared to ensure they match 
(customers whose files don’t match will be contacted 
by Customer Marketing). NEC will then duplicate the 
media and return the following for verification: 

□ One copy of the original media 

□ One copy of NEC’s duplicate media 

□ A hard copy listing of the data files (for target 
devices with less than 512K, i.e., 64K x 8, of ROM) 

□ Two floppy diskettes containing those data files 
transmitted via modem, or InterNet 

□ A ROM Code Verification Form, which must be 
signed and returned before any devices can be 
built 

Upon receipt of the signed verification form, NEC will 
produce ten engineering samples for testing and ap¬ 
proval prior to building and shipping the entire order. 
Data files are kept In archival storage for two years 
(more than two years is not guaranteed) in one or more 
of the following formats: 

D In one original IC and one NEC duplicate IC, if 
programmable ICs were initially submitted 

□ In a hard-copy listing of the hexadecimal file 

□ In electronic storage using either magnetic or 
optical media (Write Once Read Many, i.e., WORM, 
disk) 

Please note that IC masks will be stored at NEC’s 
manufacturing facility for only one year after the last 
order is received. 


Peculiar Addressing 

Although addresses are usually contiguous, e.g., from 
OOOO 16 to a maximum, these devices require special 
consideration. 

ROMs with 16-Bit Data Buses. Data submitted for 
these ROMs in devices with 8-bit data buses should be 
organized this way. 

Table 1, Sequence for 8-Bit Data Bus Devices 


Sequence 

Addresses 

Outputs 

Device #1 

00000-OFFFF 

O 

o 

O 

Device #2 

10000-1FFFF 

o 

o 

o 

Device #3 

00000 - OFFFF 

Os • Oi5 

Device #4 

10000-1FFFF 

Os ■ Oi5 


Data submitted from a 16-blt data bus device would be 
handled similarly. 


Table 2. Sequence for 16-Bit Data Bus Devices 


Sequence 

Addresses 

Outputs 

Device #1 

00000 - OFFFF 

O 

O 


10000- 1FFFF 

Os ' Oi5 


In both cases, segments corresponding to the lower 
data outputs are submitted first, a pattern that should 
be followed for larger devices as well. Please be aware 
that NEC has no way of identifying the sequential order 
of individual segments If they’re submitted in incorrect 
order. 
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Table 3. Applicable Device Types 


Part Number(s) 

Organization 

Last Address 

A/PD78C11A 

4,096 X 8 bits 

0FFFi6 

C12A 

8,192 X 8 bits 

1FFFi6 

C14 

16,384 X 8 bits 

3FFFi6 

C14A 

16,384 X 8 bits 

3FFFi6 

C18 

32,768 X 8 bits 

7FFFi6 

/iPD78001 

8,192 X 8 bits 

1FFFi6 

002 

16,384 X 8 bits 

3FFFi6 

/iPD78001Y 

8,192 X 8 bits 

1FFFi6 

002Y 

16,384 X 8 bits 

3FFFi6 

/JPD78011 

8,192 X 8 bits 

1FFFi6 

012 

16,384 X 8 bits 

3FFFi6 

013 

24,576 X 8 bits 

5FFFi6 

014 

32,768 X 8 bits 

7FFFi6 

/iPD78011Y 

8,192 X 8 bits 

1FFFi6 

012Y 

16,384 X 8 bits 

3FFFi6 

013Y 

24,576 X 8 bits 

5FFFi6 

014Y 

32,768 X 8 bits 

7FFFi6 

/JPD78042 

16,384 X 8 bits 

3FFFi6 

043 

24,576 X 8 bits 

5FFFi6 

044 

32,768 X 8 bits 

7FFFi6 

/iPD78052 

16,384 X 8 bits 

3FFFi6 

053 

24,576 X 8 bits 

5FFFi6 

054 

32,768 X 8 bits 

7FFFi6 

/iPD78062 

16,384 X 8 bits 

3FFFi6 

063 

24,576 X 8 bits 

5FFFi6 

064 

32,768 X 8 bits 

7FFFi6 

/iPD78212 

8,192 X 8 bits 

IFFFie 

214 

16,384 X 8 bits 

3FFFi6 

/yPD78218A 

32,768 X 8 bits 

7FFFi6 

/iPD78224 

16,384 X 8 bits 

3FFFi6 

JUPD78234 

16,384 X 8 bits 

3FFFi6 

238 

32,768 X 8 bits 

7FFFi6 

/iPD78312A 

8,192x8 bits 

1FFFi6 

/iPD78322 

16,384 X 8 bits 

3FFFi6 

/iPD78352A 

32,768 X 8 bits 

7FFFi6 

/iPD78356 

49,152x8 bits 

BFFFi6 


Using The Intel Hexadecimal Format 

Intel’s hexadecimal format allows addressing of up to 
512 kbits of data, or 64K x 8 bits (OOOO-ie through 
FFFFie). Data records larger than 64K x 8 must be 
expressed in multiple segments, with each individually 
addressed segment equal to or smaller than 64K x 8. 

Each byte of data must be expressed as a printable 
ASCII character, and each line must contain these 
elements: 


□ A colon to begin each line 

□ A two-character data word count for the line 

□ A four-character address of the first word of data 

□ A two-character record type identifier, e.g., 00, 01, 
02 for data, end of file, segment address 

° The data words 

□ A two-character line checksum at the end of each 
line 

For example, a line showing the “End of File” record 
would be formatted as lOOOOOOOIFF, while a typical 
data line would be constructed this way: 

:WWAAAATTDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDCC 


Table 4. 

Description of Elements 

Code 

Description 

: Beginning of line 

WW 

Data word count 

AAAA 

Address of the first data word 

TT 

Record type 

D...D 

Data words 

CC 

Checksum 

Table 5. 

Description of Record Type 

TT 

Description 

00 

Data follows 

01 

End of file 

02 

Begin new 64K x 8 data segment 


Table 6 shows an address shift from one 32K x 8 
segment to the next segment in hexadecimal format. 
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Table 6. Sample Hexadecimal Addressing 


Coded Segment Instruction 


:100000007F7F7F7F7F7F7E7D7B797878787A7D2C 

Begin first segment 

:10FFF000FFFFFFFFFFFFFFFFFFFFFFFFFFFFF11 

End first segment 

:020000021000EC 

Second segment record 

;100000007F7F7F7F7F7E7E7D7B7A797877797B7F2C 

Begin second segment 

:10FFFOOOFFFFFFFFFFFFFFFFFFFFFFFFFFFFF11 

End second segment 

:00000001 FF 

End of file record 







IVECZ PG-1500 

NEC Electronics Inc. PROM Programmer 

September 1993 


Description 

The PG-1500 series is a stand-alone PROM programmer 
for programming 256-l<ilobit to 1-megabit PROMs and 
PROM/OTP devices for NEC’s 4/8/16-bit single-chip mi¬ 
crocontrollers and digital signal processors. The sys¬ 
tem consists of the PG-1500 base programmer, two 
interchangeable programmer adapter modules, and a 
variety of programmer adapters to support the individ¬ 
ual devices and package types. The PG-1500 can be 
controlled directly from either a remote terminal or host 
computer via an RS-232-C serial port or directly from 
the on-board keypad in stand-alone mode. 

Features 

□ Interchangeable modules for programming: 

— 256-kilobit to 1-megabit PROMs 

— NEC /iPD75xx and (jPD75xxx 4-blt 
microcontrollers 

— NEC K-series® microcontrollers 

— NEC V-series^“ microcontrollers 

— NEC jLiPD77xxx digital signal processors 

□ 512K-bytes data RAM 

□ Silicon signature read function 

□ PROM insertion error detection circuitry 


□ Memory edit function to change/confirm PG-1500 
buffer 

□ Address/data/message display LCD 

□ RS-232-C serial Interface 

□ Centronics compatible parallel interface 

□ Power-on diagnostics 

□ Supports three data transfer formats 

— Intel Extended Hex (Note 1) 

— Extended Tektronix Hex (Note 2) 

— Motorola S (Note 3) 

□ Two modes of operation 

— Remote controlled 

— Stand-alone 

□ Host Controller Program for IBM PC® Series 

IBM PC is a registered trademark of International Business Machines 
Corporation. 

V-Series and V40 are trademarks of NEC Electronics, Inc. 

K-series is a registered trademark of NEC Electronics, Inc. 

Notes: 

(1) Developed by Intel Corporation. 

(2) Developed by Tektronix Corporation. 

(3) Developed by Motorola Incorporated 
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Figure 1, PG-1500 System Block Diagram 



83ML-5g36B (9^93) 


Architecture 

The PG-1500 base unit contains an NEC /LiPD70208 
(V40^“) microprocessor with 128K bytes of monitor 
ROM, 32K bytes of working RAM, 512K bytes of data 
memory, an RS-232-C serial port, a Centronics compat¬ 
ible parallel interface, an LCD display, and a 23-key 
keypad. Figure 1 shows a block diagram of the PG-1500. 

The PG-1500 has two interchangeable programmer 
adapter modules. These adapter modules plug directly 
into the top of the PG-1500 and can accept a wide 
variety of programmer socket adapters to support 
NEC’s devices. Refer to the Development Tool Selection 
Guide for a list of all available adapters. 


Operation 

The PG-1500 operates In stand-alone mode from the 
on-board keypad, or In remote-control mode from an 
external terminal or a host computer via an RS-232-C 
serial port. 

Host Controller Program 

The PC-1500 can be controlled from an IBM PC series 
host computer using the PG-1500 controller program. 
The controller program has three modes of operation: 
control mode, auto mode, and terminal mode. 
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Silicon Signature 

A silicon signature is stored in all NEC devices and 
contains information on the device type, start and stop 
addresses, and programming voltages. The PG-1500 
can read the silicon signature of the particular device 
being programmed either manually or automatically, 
or the device code can be entered manually. 

Basic Specifications 

• Power requirements: 

— 90 to 250 VAC, 50 to 60 Hz 

• Environment conditions: 

— Operating temperature range: 10 to 35°C 

— Operating humidity range: 20 to 80% relative 
humidity 

• RS-232-C serial port: 

— Baud rates: 1200, 2400, 4800, 9600, 19200 

— Parity: none, even, odd 

— X-ON/X-OFF: on, off 

— Bit configuration: 7, 8 

— Stop bits: 1, 2 


Equipment Supplied 

The PG-1500 package includes the following: 

• PG-1500 PROM programmer base unit 

• 027A socket board for 27xxx PROMS and 
^PD27C256A-like devices 

• 04A interface board for NEC /iPD75xx/)L/PD75xxx 
microcontrollers 

• PG-1500 controller program disk for IBM PC 

• Power cord 

• Power ground plug adapter 

• Spare fuses (2) 

Documentation 

For further information on the operation of the PG- 
1500, NEC provides the following documentation: 

• PG-1500 PROM Programmer User’s Manual 

• PG-1500 Controller User’s Manual 
(IBM PC-based) 
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NEC Electronics Inc. 


IE-78C11-M 
In-Circuit Emuiator 
for the fiPD78C00 Product Line 

September 1993 


Description 

The IE-78C11-M is an in-circuit emulator providing both 
hardware emulation and software debugging capabil¬ 
ities for the NECpPD78C00 product line of 8-bit, single¬ 
chip microcontrollers. Real-time and single-step emu¬ 
lation, coupled with sophisticated memory mapping 
features, breakpoints, and trace capabilities, create a 
powerful debugging environment. A line assembler 
and disassembler, full register and memory control, 
and complete upload/download capabilities simplify 
the task of debugging hardware and software. The 
IE-78C11-M is designed to operate as a stand-alone, 
in-circuit emulator controlled from either a user termi¬ 
nal or a host computer system. 

Features 

□ Real-time and single-step emulation 

□ User-specified breakpoints: 

Logical OR of up to four sets of break conditions 
Opcode fetch count 
External sense clips condition 
Emulation time 

Logical AND of addresses, data values, 

CPU controls, and number of loops 

□ Sophisticated trace capabilities 

— Instruction or machine cycle display 
—1,024 trace frames 

— Address, control, data, and port trace 

IE-78C11-M In-Circuit Emulator 



□ Powerful memory mapping: 64K bytes of RAM 
mappable in 256-byte blocks 

□ Line assembler/disassembler 

□ Operating state LED Indicators 

□ CMOS latch-up warning and protection 

□ Eight external sense probes 
° Self-diagnostic command 

□ Stand-alone configuration 

— User terminal controlled 

— Host computer system controlled 

□ IE78C11 controller program for IBM PC®, PC/XT®, 
PC/AT®, or compatibles 

— Symbolic debugging 
—Autoexecution of commands 

— On-line help facility 

— Debug session logging 


Ordering Information 


Part Number 

Description 

IE-78C11-M 

In-circuit emulator for )l/PD78C1x/C1xA series 

EP-7811HGQ 

Emulator probe for 64-pin QUIP package 
(shipped with IE-78C11) 

EV-9001 -64 

Optional emulator probe adapter for 64-pin 
shrink DIP package (used with EP-7811HGQ) 

EV-9200G-64 

64-pin LCC socket used with the 
//PD78CP18KB 

AS-QIP-PCC-D781X 

Optional QUIP to PLCC adapter (used with 
EP-7811HGQ) 


IBM PC, PC/XT, and PC/AT are registered trademarks of International 
Business Machines Corporation. 
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NEC Electronics Inc. 


CC87 
Micro-Series 
C Compiier Package for the 
ffPD78C00 Product Line 

September 1993 


Description 

The CC87 Micro-Series™ C compiler package for the 
NEC /iPD78C00 product line of microcontrollers con¬ 
sists of an ANSI C cross-compiler, relocatable macro 
assembler, linker, and librarian. Developed by lAR sys¬ 
tems in Sweden for NEC, the Micro-Series C compiler 
package runs on an MS-DOS® system with a free¬ 
standing system as target (embedded system). 


Ordering Information 


Part Number 

System 

Description 

CCMSD-I5DD-87 

MS-DOS 

5-1/4-inch double-density floppy 
diskette 


Features 

□ ANSI standard C 

— Const, volatile, signed, void, enum keywords 

— Function prototyping 

— Hex string constants 

— Structure and union assignments 

□ Optimization for code size or execution speed 

□ Extended functions for /iPD78C00 product line 
code generation 

— Saddr area usage for variables 

— Non-lnitialized variable declaration 

— Interrupt vector table generation 

— Function execution with interrupts disabled 

— Input byte/word from special register 

— Output byte/word to special register 

— Modify special register with a byte constant 

— Disable/enable interrupts 

— Halt CPU 

— Check/reset interrupt flags 

□ IEEE 32-bit floating-point data representation 

□ UNIX LINT functions (legal C code verification) 
Integrated Into the compiler 

□ Interface checking between modules performed by 
the linker XLINK 

□ ROMable object file creation 

□ Generation of list and full cross-reference files 

□ Built-In help facility 

□ Extensive error reporting 

Micro-Series is a trademark of lAR Systems AB. 

MS-DOS is a registered trademark of Microsoft Corporation. 


C Library Functions 

The CC87 Micro-Series C compiler package includes 
most of the Important C library functions that apply to 
PROM-based embedded systems. All library functions 
reside in the supplied library files. Header files that 
declare the set of library functions are also Included. 

The following library functions are available: 

CHARACTER HANDLING < ctype.h> 
isalnum Isalpha iscntrl isdigit islower 
isprint ispunct 

isspace isupper isxdigit tolower toupper 

VARIABLE ARGUMENTS < stdarg.h> 
va^arg va_end va^start 

NON-LOGICAL JUMPS < set]mp.h> 
longjmp setjmp 

FORMATTED INPUT/OUTPUT < stdio.h> 
getchar gets printf putchar scant, sscanf, sprintf 

GENERAL UTILITIES < stdlib.h> 
atof atol atol calloc exit free malloc ralloc 

STRING HANDLING < string.h> 
strcat strcmp strcpy strlen strncat strncmp strncpy 

MATHEMATICS < math.h> 
atan atan2 cos exp log logic modf pow sin sqrt tan 

LOW-LEVEL ROUTINES < icclbutl.h> 

Jormatted__write 

Memory Allocation 

The two memory allocation modes, static and reen¬ 
trant, differ only in allocation of auto variables. In the 
reentrant mode, all local auto variables are allocated 
and deallocated dynamically; the auto variables reside 
on the stack, which is necessary If recursive or reen¬ 
trant functions are needed. This option sometimes 
generates more code and slower code than the static 
mode. Inthe static mode, all function level variables are 
put into static memory, with the exception of function 
arguments, which are always placed on the stack. 

C Cross-Compiler (ICC7800) 

The C cross-compiler, which is the ICC7800 program, 
converts standard C source code into relocatable ob¬ 
ject modules in the lAR systems’ proprietary universal 
binary relocatable object format (UBROF). This format 
is used for all relocatable object files in the Micro- 
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Series development system, whether generated by an 
assembler or compiler. During compilation, an optional 
optimizer can be Invoked to optimize the object code 
for size or execution speed. 

In addition, CC87 supports extended functions for 
/iPD78C00 product line code generation. These ex¬ 
tended functions allow the C compiler to take advan¬ 
tage of many of the powerful features in the /iPD78C00 
product line microcontrollers to decrease object code 
size and improve program execution speed. 

Relocatable Macro Assembler (A7800) 

The relocatable macro assembler (A7800) translates 
symbolic source code for the NEC pPD78C00 product 
line of microcontrollers into relocatable object mod¬ 
ules In the lAR systems proprietary UBROF format. 

Features. The relocatable macro assembler features 
are as follows: 

• Absolute or relocatable address object code output 

• Directives 

— List formatting 

— Conditional assembly, separate assembly 

— Memory allocation 

— Macro definition and value assignments to 
symbol directives 

• Generation of list files 

• Generation of cross-reference and symbol tables 

• Ability to Include files in another source 

Directives. Assembler directives give instructions to 
the program but are not translated Into machine code 
during assembly. Basic directives include those for 
storage definition and memory allocation (DB, DD, DW 
DS); symbol control and usability (PUBLIC, EXTERN, 
LOCSYM); and value assignments to symbols (SET, 
EQU, =, DEFINE). 

Program control directives include those for module 
definition (NAME, MODULE, ENDMOD); segment defi¬ 
nition and control (ASEG, RSEG, STACK, COMMON, 
ORG); conditional assembly (IF, ELSE, ENDIF); macro 
processing (MACRO, ENDMAC); and listings control 
(LSTOUT, LSTCND, LSTCOD, LSTEXP, LSTMAC, 
LSTWID, LSTFOR, LSTPAG, PAGSIZ, PAGE, TITL, STITL, 
PTITL, PSTITL, LSTXRF). 


Linker (XLINK) 

The universal linker, XLINK, combines relocatable ob¬ 
ject modules and absolute load modules and produces 
one absolute load module. The controls for XLINK may 
be specified either on the command line or in a param¬ 
eter file. In addition to being able to generate several 
types of absolute load module formats, it is also possi¬ 
ble to generate cross-reference lists with an index list; 
define segment allocation; force load and conditional 
load of files; bank segments; and define a symbol on a 
command line. The absolute load module can contain 
symbol information as well as absolute object code. 

Librarian (XLIB) 

The XLIB librarian creates and maintains files contain¬ 
ing relocatable object modules. With XLIB, the user can 
merge object files from different assemblies/ 
compilations in order to create libraries; delete individ¬ 
ual modules; change the order of modules and check 
the CRC in a module; and rename modules, segments, 
externals or entries. In addition, XLIB can change the 
properties of a module to be conditionally or uncondi¬ 
tionally loaded. Use of XLIB reduces the number of files 
that need to be linked together by allowing several 
modules to be kept In a single file, providing an easy 
way to link frequently used modules Into programs. 

License Agreement 

CC87 Micro-Series C Compiler package is sold under 
terms of a license agreement included with the com¬ 
piler. The accompanying card must be completed and 
returned to NEC Electronics Inc. to register the license. 

Documentation 

For further information on source program format, 
compiler operation, assembler operation, linker, librar¬ 
ian, and converter programs, and actual program ex¬ 
amples, refer to the following manual supplied with the 
CC87 package. Additional copies may be obtained 
from NEC Electronics Inc. 

• CC87 /JPD7800 Series C Compiler, User’s Manual 
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NEC Electronics Inc. 


RA87 

Relocatable Assembler Package 
for the jifPD78C00 Product Line 

September 1993 


Description 

The FRA87 relocatable assembler package converts 
symbolic source code for thepPD78C00 product line of 
microcontrollers into executable absolute address ob¬ 
ject code. The RA87 package consists of six separate 
programs: assembler (RA87), linker (LK87), hexadeci¬ 
mal format object converter (0087), librarian {LB87), 
list converter (LCNV87), and macroprocessor (MP). 

RA87 translates a symbolic source module into a relo¬ 
catable object module. The assembler verifies that 
each instruction assembled Is valid for the target mi¬ 
crocontroller specified at assembly time. 

LK87 combines relocatable object modules and abso¬ 
lute load modules and converts them into an absolute 
load module. OC87 converts an absolute object mod¬ 
ule or an absolute load module Into an ASCII hexadec¬ 
imal format object file. 

LB87 allows commonly used relocatable object mod¬ 
ules to be stored in one file and linked into multiple 
programs, greatly increasing programming efficiency. 
When a library file is included In the Input to the linker, 
the linker extracts only those modules required to 
resolve external references from the file and relocates 
and links them into the absolute load module. 

LCNV87 allows relocatable list files to be converted 
into absolute list files. MP expands macros contained 
In a source program prior to assembling. 

Features 

□ Absolute address object code output 

□ Generic jump capability 

□ User-selectable and directable output files 

□ Extensive error reporting 

□ Macro capabilities 

□ Runs under MS-DOS® operating system 


MS-DOS is a registered trademark of Microsoft Corporation. 


Ordering Information 


Part Number 

System 

Description 

RA87-D52 

MS-DOS 

5-1/4-inch, double-density 



floppy diskette 


Program Syntax 

An RA87 source module consists of a series of code, 
byte-oriented data, or bit-oriented data segments. 
Each segment consists of statements composed of up 
to four fields: symbol, mnemonic, operand, comment. 

The symbol field may contain a label whose value is the 
instruction or data address or a name that represents 
an instruction address, data address, or constant. The 
mnemonic field may contain an instruction or an as¬ 
sembler directive. The operand field contains the data 
or expression for the specified instruction or directive. 
The comment field allows explanatory comments to be 
added to a program. 

Character constants are translated Into 7-bit ASCII 
codes. Numeric constants may be specified as binary, 
octal, decimal, or hexadecimal. Arithmetic expressions 
may include the operators 4-, *, /, NOT, AND, OR, 

XOR, EQ, NE, GT, GE, LT, LE, SHR, SHL, HIGH byte, LOW 
byte, MOD, and the - sign. 


Assembler Directives 


Assembler directives give instructions to the assem¬ 
bler but are not translated into machine code during 
assembly. Basic assembler directives include storage 
definition (DB, DW, DS, DBIT); symbol definition (EQU, 
SET, CODE, DATA, BIT); and program boundary defini¬ 
tion (ORG, END). Program linkage directives are pro¬ 
vided to NAME the module and to declare symbols as 
PUBLIC or external (EXTRN). 
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Segment definition directives define whether a seg¬ 
ment Is a code segment (CSEG), allocated to ROM; a 
data segment (DSEG) or a bit segment (BSEG), allo¬ 
cated to RAM; or a working register segment (VREG). 
The address boundary conditions for each segment 
directive are specified in its operand. These include 
UNIT, PAGE, INPAGE, FIXEDAREA, BYTE, CALLTABLE, 
AT, BITADDRESSABLE. The combination types of PUB¬ 
LIC, COMMON, and COMPLETE specified In the oper¬ 
and define how to link segments with the same name 
and segment definition. 
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The /L/PD78C00 product line instruction set contains 
three jump instructions with varying legal address 
ranges. To avoid calculating which jump instruction to 
use, the programmer can substitute the generic jump 
(GJMP) directive for any relative jump (JR), any ex¬ 
tended relative jump (JRE), or any long jump (JMP) 
instruction in the source program. During assembly, a 
suitable jump instruction Is chosen for each GJMP 
directive. 

Assembler Controls 

The RA87 assembler (figure 1) has two types of con¬ 
trols. The primary controls, which are specified in the 
assembler command line, a parameter file, or at the 
beginning of the source module, are as follows: 

• Target microcomputer specification 

• Output file selection and destination 

• Listing format controls 

• Date specification 


Figure 1. Relocatable Assembler Functional 
Diagram 



The general controls, specified In the assembler com¬ 
mand line, a parameter file, or at any place in the 
source program, are as follows: 

• Generation/suppression of listing 

• Listing titles 

• Inclusion of other source files 
(In source program only) 

• Page eject (In source program only) 

The listing file may contain the complete assembly 
listing or only lines with errors, and a symbol table or a 
cross-reference table. The symbol table shows all de¬ 


fined symbols In alphabetical order, their types, at¬ 
tributes, and the values initially assigned to them. The 
cross-reference table contains all defined symbols and 
the numbers of all statements that refer to them. 

The object file contains the relocatable object module. 
The format of this module Is an NEC proprietary relo¬ 
catable object module format. This object file may also 
contain local symbol Information for the symbolic 
debugger. 

Linker 

The LK87 linker (figure 2) combines several relocatable 
object modules or absolute load modules, resolving 
PUBLIC/EXTRN references between modules, to create 
an absolute load module. This load module contains 
both absolute object code and symbol information. 
The linker will also search library files for required 
modules to resolve external references. The linker con¬ 
trols for LK87 can be specified in either the command 
line or in a parameter file. The programmer can specify 
the date, module name, stack size and starting ad¬ 
dress, ROM/RAM segment allocation, starting address 
and order for code/data/bit relocatable segments, and 
the page address for the working register group. The 
programmer may also specify that a list file containing 
a link map, a local symbol table, or a public symbol 
table be created. 


Figure 2. Linker Functional Diagram 
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Hexadecimal Format Object Converter 

The OC87 object converter (figure 3) outputs the object 
code file in ASCII hexadecimal format, which can be 
downloaded to a PROM programmer or hardware de¬ 
bugger. The programmer can specify whether or not to 
generate a symbol file for a hardware debugger. 


Figure 3. Hexadecimal Format Object Code 
Converter Functional Diagram 



* Absolute addresses with no external references 
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Librarian 

The LB87 librarian (figure 4) creates and maintains 
library files containing relocatable object modules. 
This reduces the number of files to be linked together 
by allowing several modules to be stored In a single file. 
This provides an easy way to link frequently used 
modules Into programs. Modules can be added to or 
deleted from, or the contents of the library file can be 
listed. 

List Converter 

Normally, listing files produced by a relocatable as¬ 
sembler do not show the final absolute address for 
instructions because their location Is not decided until 
link time. The address shown in the listing is only the 
offset from the start of the code or data segment. 

The LCNV87 list converter (figure 5) uses the assembly 
list and object module files from the assembler and the 
load module file from the linker to create an absolute 
address assembly listing. This absolute listing shows 


the addresses of instructions as their final absolute 
address In memory and is useful in debugging or 
program documentation. The programmer can specify 
the load module (-L), assembly list (-A), and output 
assembly (-0) file names. 


Figure 4. Librarian Functional Diagram 
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Figure 5. List Converter Functional Diagram 
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Macroprocessor 

The MP macroprocessor (figure 6) interprets the mac¬ 
ros described in a source program and expands them 
to create another source program, which can then be 
input to the assembler. It has the following three main 
functions: 

• Expands macros by defining and referencing them 

• Reads and expands include files 

• Selects an assembler source based on a conditional 
macro Instruction 

Figure 6. Macroprocessor Functional Diagram 


Source ^ 

Program 

1 File J 

External 
Macro RIe 

s.___ 


r A 

Include 

File 






\ 

r~ 



MP 

Macroprocessor 


'^Secondary"' 
Source 
J*rogranr> Fll^ 


RA87 

Assembler 

Package 

_48NR-e33A 


Emulator Controller Program 

Absolute object files produced by the RA87 relocatable 
assembler package can be debugged using the appro¬ 
priate NEC stand-alone in-circuit emulator. NEC emu¬ 
lator controller programs allow communication with 
the emulator through an RS-232C serial line. An emula¬ 
tor controller program can run on the IBM PC®, PC/XT®, 
and PC/AT® under MS-DOS and is provided with the 
in-circuit emulator at no extra charge. 


These emulator controller programs provide the follow¬ 
ing features: 

• Uploading and downloading of object and symbol 
files 

• Symbolic debugging 

• Complete emulator control from host console 

• On-line help facilities 

• Macro command file capabilities 

• Host system directory and file display 

• Disk storage of debug session 

License Agreement 

RA87 Is sold under terms of a license agreement in¬ 
cluded with the assembler. The accompanying card 
must be completed and returned to NEC Electronics 
Inc. to register the license. Software updates are pro¬ 
vided free to registered users for one year. 

Documentation 

For further information on source program formats, 
assembler operation, and actual program examples, 
refer to the following manuals supplied with the RA87 
package. Additional copies may be obtained from NEC 
Electronics Inc. 

• RA87pPD78C00 Product Line Relocatable Assem¬ 
bler Package, User’s Manual 

• MP Macroprocessor, User’s Manual 


IBM PC, PC/XT, and PC/AT are registered trademarks of International 
Business Machines Corporation. 
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NEC Electronics Inc. 


IE-78000-R 
In-Circuit Emulator 
for the fiPD78K0 Product Line 

September 1993 


Description 

The IE-78000-R is an in-circuit emulator providing both 
hardware emulation and software debugging capabil¬ 
ities for the NEC pPD78K0 product line of single-chip 
microcontrollers. The IE-78000-R, combined with a 
SD78K0 screen debugger and IE-78000-R-BK break 
board, create a powerful debug environment. 

The SD78K0 is screen debugger software included in 
an IE-78000-R package that will allow the user to debug 
a program through a host machine (IBM PC/IBM com¬ 
patible) In a window-oriented environment. This screen 
debugger software Is used by connecting it to the 
IE-78000-R. 

Different target devices can be emulated by connect¬ 
ing a separately purchased emulation board, 
IE-780XX-R-EM to the IE-78000-R. The product selection 
guide shows the list of available emulation boards, 
emulation probes, socket adapters, and corresponding 
target devices. 

Features 

□ 10-MHz maximum operating frequency 

□ Real-time and non-real-time emulation 

□ Sophisticated break events 

— Logical OR of up to four sets of events 

— Logical AND of addresses, data values, CPU 
controls, and loop count 

— Executed instruction count 

— Parallel or sequential fetch addresses 

— External sense clip condition 

□ Sophisticated trace capabilities 
—Trace program fetch or data access 

— 2K X 49-bit trace buffer 

— Address, control, data, and external signal trace 

— Instruction or frame display 
—Trace search capability 

— Specify trigger point at beginning, middle, or 
end of trace buffer 


□ Supports debug activities during real-time 
emulation 

— Displays trace buffer 

— Modifies trace conditions 

— Modifies trace event conditions 

— Restarts trace 

□ Powerful memory mapping 

— 64K bytes of RAM for off-chip RAM/ROM 
emulation 

— 200K bytes DRAM memory for symbols (192K 
byte) and programs (8K byte) 

— 56K bytes ROM 

— 4K bytes of RAM for internal RAM emulation 

— 14K trace RAM 

□ Line assembler/disassembler 

□ Symbolic debugging, 700/900 symbols 

□ CMOS latch-up warning and protection 

□ Eight external sense clips on emulator probe 

□ Two serial and two parallel interface channels 

□ Memory bank selector to select ROM, DRAM or 
trace RAM 

□ Host control program for IBM PC, PC/XT, PC/AT, or 
compatible 

Equipment Supplied 

The IE-78000-R package includes the following: 

□ IE-78000-R emulator chassis 

□ IE-78000-R-BK break board 

□ Control/trace board 

□ SD78K0-D52 screen debugger software 

□ RS-232-C interface cable 
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IE-78000-R In-Circuit Emuiator 



Ordering Information (Also, see selection guide.) 


Part Number 

Description 

IE-78000-R 

In-circuit emulator for 78K0 product line 

IE-78014-R-EM 

Emulation board for 78014 family (optional) 

IE-78044-R-EM 

Emulation board for 78044 family (optional) 

IE-78064-R-EM 

Emulation board for 78064 family (optional) 

EP-78240GC-R 

(64-pin plastic QFP) emulator probe 
used with IE-78014-R-EM board 

EP-78240CW-R 

(64-pin shrink DIP) emulator probe 
used with IE-78014-R-EM board 

EP-78130GF-R 

(80-pin plastic QFP) emulator probe 
used with IE-78044-R-EM board (optional) 

EP-78064GF-R 

(100-pin QFP (14x20)) emulator probe for 
78064GF family, used with IE-78064-R-EM 
board (optional) 

EP-78064GC-R 

(100-pin QFP (14x14)) emulator probe for 
78064GC family used with IE-78064-R-EM 
board (optional) 

EP-78054GK-R 

(80-pin plastic TQFP (12x12)) emulator probe 
for 78054GK family, used with IE-78064-R-EM 
board (optional) 

EP-78230GC-R 

(80-pin QFP (14x14)) emulator probe for 
78054GC family, used with IE-78064-R-EM 
board (optional) 

EV-9200G-80 

Five socket adapters; converts 80-pin LCC 
probe tip to 80-pin QFP (14x20) device footprint 
(optional) 

EV-9200GC-64 

Five socket adapters; converts 64-pin LCC 
probe tip to 64-pin QFP device footprint 
(optional) 

EV-9200GC-80 

Five socket adapters; converts 80-pin LCC 
probe tip to 80-pin plastic QFP (14x14) device 
footprint (optional) 

EV-9200GF-100 

Five socket adapters; converts 100-pin LCC 
probe tip to 100-pin QFP (14x20) device 
footprint (optional). 

EV-9500GC-100 

One socket adapter, 100-pin PGA to 100-pin 

QFP (optional) 

CC78K0-D52 

C compiler package for 78K0 product line 
(optional) 

RA78K0-D52 

Relocatable assembler for 78K0 product line 
(optional) 

SD78K0-D52 

Screen debugger software included in 
IE-78000-R package 


2 











IE-78000-R Block Diagram 






IE-78000-R 


NEC 




NEC 

NEC Electronics Inc. 


CC78K0 
C Compiler for the 
fiPD78K0 Product Line 

September 1993 


Description 

The CC78K0 C compiler is an ANSI standard C cross- 
compiler for the NEC juPD78K0 product line of micro¬ 
controllers. The CC78K0 (figure 1) converts ANSI stan¬ 
dard C source code into NEC format object module or 
assembly language source files. During compilation, 
an optional optimizer can be invoked to optimize the 
object code for size and/or execution speed. 

In addition, CC78K0 supports extended functions for 
jL/PD78K0 code generation. These extended functions 
allow the C compiler to take advantage of many pow¬ 
erful features in the /iPD78K0 microcontrollers to de¬ 
crease object code size and improve program execu¬ 
tion speed. 

The relocatable object file produced by the CC78K0 
can be converted into an absolute object file by the 
linker program and object converter program con¬ 
tained in the RA78K0 relocatable assembler package. 
The resulting ASCII hexadecimal format absolute ob¬ 
ject file then can be debugged using an NEC in-circuit 
emulator or evaluation board. 

Features 

□ ANSI standard C compiler 

° Extended functions for optimized /iPD78K0 code 
generation 

□ Various optimization options for code size and/or 
execution speed 

□ Legal C code verification 

□ Outputs NEC format object module or assembly 
source file 

□ Run-time error checking 

□ Outputs debug information 
° ROMable object file creation 

° User selectable and directable output files, list, 
and full cross-reference files 

□ Extensive error reporting 

□ Built-In help facility 

□ Runs under MS-DOS® operating system 


Figure 1. CC78K0 Functional Diagram 



Ordering information 


Part Number 

System 

Description 

CC78K0-D52 

MS-DOS 

5-1/4-inch, double-density floppy 



diskette 


CC78K0 Extended Functions 


• Register variables can be stored In the registers and 
Saddr area 

• Saddr area usage for variables 

• Direct peripherals access with SFR names 

• Saddr area usage for function arguments and auto¬ 
matic variables 

• Functions can be called using the CALLT table 

• Functions can be stored In the CALLF area 

• Bit data type 

• In-line assembly language 

• Interrupt functions 

— Generate interrupt vector table 

— Disable/enable interrupts 


6h 


MS-DOS is a registered trademark of Microsoft Corporation 
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Compiler Options 

The CC78K0C compiler supports the following options 
during compilation: 

• Target chip selection 

• Parameter file specification 

• Macro name definition 

• Include files search path specification 

• Symbol length extension 

• Symbol name conversion to uppercase 

• Outputs debug information 

• Generates 

— Object file 

— Assembler source file (with/without C source) 

— Cross-reference list file 

— Error list file (with/without C source) 

— Preprocess list file 

• Listing format control 

• ROMable processing 

• Optimization option selection 

• Run-time error check selection 

• Temporary directory specification 

• Warning level selection 

• Outputs compilation status information 

C Library Functions 

The CC78K0 C compiler library includes most of the 
important C library functions that apply to PROM- 
based embedded systems. All library functions reside 
in the library files supplied. Header files that declare 
the set of library functions are also included. 

The following library functions are available: 


I/O Functions 

sprintf sscanf 


Character Functions 


Isalpha 

isupper 

islower 

isdigit 

isalnum 

isxdigit 

isspace 

ispunct 

isprint 

isgraph 

iscntrl 

isascii 

toupper 

toascil 

tolower 

joupper 

_to lower 

String Functions 



strlen 

strcpy 

strncpy 

strcat 

strncat 

strcmp 

strncmp 

strchr 

strrchr 

strpbrk 

strspn 

strcspn 

strstr 

strtok 

strtol 

strtoul 

atoi 

atol 

itoa 

Itoa 

ultoa 




Memory Functions 



malloc 

calloc 

realloc 

free 

brk 

sbrk 

memcpy 

memmove 

memcmp 

memchr 

memset 


Program Control Functions 



setjmp 

exit 

longjmp 

abort 

atexit 

Mathematical Functions 



abs 

labs 

rand 

srand 

div 

Idiv 



Special Functions 



qsort 

bsearch 

strerror 

va_start 

va_arg 

va_end 




License Agreement 

CC78K0 Is sold under terms of a license agreement 
included with the compiler. The accompanying card 
must be completed and returned to NEC Electronics 
Inc. to register the license. Software updates are pro¬ 
vided free to registered users for one year. 

Documentation 

For further information on source program formats, C 
compiler, and actual program examples, refer to the 
following manuals supplied with the compiler. Addi¬ 
tional copies may be obtained from NEC Electronics 
Inc. 

• CC78K Series C Compiler for Language 

• CC78K Series C Compiler for Operation 
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NEC Electronics Inc. 


RA78K0 

Relocatable Assembler Package 
for the fiPD78K0 Product Line 

September 1993 


Description 

The RA78K0 relocatable assembler package converts 
symbolic source code for the /iPD78K0 product line of 
8-bit, single-chip microcontrollers into executable ab¬ 
solute address object code. The RA78K0 package con¬ 
sists of six separate programs: assembler (RA78K0), 
linker (LK78K0), hexadecimal format object con¬ 
verter (OC78KO), librarian (LB78K0), list converter 
(LCNV78K0), and structured assembler (ST78K0). 

RA78K0 translates a symbolic source module into a 
relocatable object module. The assembler verifies that 
each instruction assembled is valid for the target mi¬ 
crocontroller specified at assembly time and produces 
a listing file and a relocatable object module. 

LK78K0 combines multiple relocatable object modules 
and library modules and converts them into a load 
module. OC78KO converts a load module into an ASCII 
hexadecimal format absolute object code file. 

LB78K0 allows commonly used relocatable object 
modules to be stored in one file and linked into multiple 
programs, greatly increasing programming efficiency. 
When a library file is included In the input of the linker, 
the linker extracts from the library file only those 
modules required to resolve external references and 
links them with the other modules. 

LCNV78K0 allows relocatable list files to be converted 
into absolute list files. 

The ST78K0 structured assembler preprocessor is a 
companion program to the RA78K0 relocatable assem¬ 
bler for the NEC )l/PD 78K0 product line of microcontrol¬ 
lers. ST78K0 converts a source code file containing 
C-llke structured assembly statements into a pure 
assembly language source file, which then can be 
assembled with RA78K0. 


MS-DOS is a registered trademark of Microsoft Corporation. 


Features 

□ Absolute address object code output 

□ User-selectable and directable output files 

□ Macro definitions 

a Branch optimization 

□ Conditional assembly 

□ Extensive error reporting 

□ Powerful librarian 

□ C-like structured assembly statements 

□ Runs under MS-DOS® operating system 

Ordering Information_ 


Part Number 

System 

Description 

RA78K0-D52 

MS-DOS 

5-1/4-inch, double-density 



floppy diskette 


Program Syntax 


An RA78K0 source module consists of a series of code, 
data, or bit segments. Each segment consists of state¬ 
ments composed of up to four fields: symbol, mne¬ 
monic, operand, and comment. 


The symbol field may contain a label, whose value is 
the instruction or data address, or a name that repre¬ 
sents an instruction address, data address, or con¬ 
stant. The mnemonic field may contain an instruction 
or assembler directive. The operand field contains the 
data or expression for the specified instruction or 
directive. The comment field allows explanatory com¬ 
ments to be added to a program. 


6i 


Character constants are translated Into 7-blt ASCII 
codes. Numeric constants may be specified as binary, 
octal, decimal, or hexadecimal. Arithmetic expressions 
may Include the operators /, MOD, OR, AND, 

NOT, XOR, EQ, NE, LT LE, GT, GE, SHR, SHL, LOW, 
HIGH,., (), and character constants. 


Macro Definition 

RA78K0 allows the definition of macro code sequences 
with up to five parameters, LOCAL symbols, and spe¬ 
cial repeated code sequences. The macro code se¬ 
quence differs from a subroutine call in that the invo¬ 
cation of a macro in the source code results in the 
direct replacement of the macro call with the defined 
code sequence. 
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Assembler Directives 

Assembler directives give instructions to the assem¬ 
bler, but they are not translated into machine code 
during assembly. Basic assembler directives include 
storage definition and allocation directives (DB, DW 
DS, DBIT); symbol directives (EQU, SET); and location 
counter control directive (ORG). Program control direc¬ 
tives include segment directives (CSEG, DSEG, BSEG, 
ENDS); linkage directives (NAME, PUBLIC, EXTRN, 
EXTBIT}; macro directives (MACRO, LOCAL, REPT, IRP, 
EXITM, ENDM); automatic BR instruction directive 
(BR); and assembly termination directive (END). 

Assembler Controls 

The RA78K0 assembler (figure 1) has two types of 
controls. Primary controls, specified In the assembler 
command line or at the beginning of the source mod¬ 
ule, are as follows: 

• Processor selection 

• Output object creation selection 

• Output list file selection 

• Listing format controls 

• Optimization selection 

• Work file drive specification 

General controls, specified in the source program, are 
as follows: 

• Inclusion of other source files 

• Page eject 

• Generation/suppression of listing 

• Listing titles 

• Conditional assembly controls 


Figure 1, Relocatable Assembler Functional 
Diagram 



The listing file contains either the complete assembly 
listing or only the lines with errors, and a symbol or 
cross-reference table. The symbol table shows all de¬ 
fined symbols in alphabetical order with the types, 
attributes, and the values initially assigned to them. 

The cross-reference table contains all defined symbols 
and the numbers of all statements referring to them. 
The object file contains the relocatable object module. 
This is an NEC proprietary relocatable object module 
format. 

If the optimization option is chosen, the assembler will 
generate the most efficient code by converting, where 
possible, three-byte absolute branches into two-byte 
relative branches. 

Linker 

The LK78K0 linker (figure 2) combines several relocat¬ 
able object modules, resolving PUBLIC/EXTRN refer¬ 
ences between modules, to create a load module. This 
output module contains both absolute object code and 
symbol information. The linker will also search library 
files for required modules to resolve external refer¬ 
ences. The linker controls for LK78K0 can be specified 
In either the command line or in a parameter file. 

The programmer can specify the starting address and 
order for code/data/stack segments, and protect areas 
of memory from being assigned. 

Figure 2. Linker Functional Diagram 
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Object Converter 

The OC78KO object converter (figure 3) outputs two 
files: an absolute load file in ASCII hexadecimal format, 
which can be downloaded to a PROM programmer, and 
a symbol file for the symbolic debugger. The program¬ 
mer can also specify an error list file for error logging. 


Figure 3. Object Converter Functional Diagram 



Librarian 

The LB78K0 librarian (figure 4) creates and maintains 
library files containing relocatable object modules. 
This reduces the number of files to be linked together 
by storing several modules in a single file. This pro¬ 
vides an easy way to link frequently used modules into 
programs. Modules can be added to, deleted from, or 
replaced within a library file, or the contents of the 
library file can be listed. 


List Converter 

The LCNV78K0 list converter (figure 5) converts a 
relocatable assembly list file Into an absolute assem¬ 
bly list file, which contains absolute addresses and 
symbol values. 


Figure 5 . List Converter Functional Diagram 




Figure 4. Librarian Functional Diagram 
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Structured Assembler 

The ST78K0 (figure 6) converts a structured assembly 
statement into one or more pPD78K0 assembly lan¬ 
guage instructions that perform the desired operation. 
Because ST78K0 converts only structured assembly 
statements and not ^PD78K0 assembly language in¬ 
structions, a structured source program can include a 
combination of /iPD78K0 structured assembly state¬ 
ments and assembly language. 

ST78K0 enables the assembly language programmer 
to use some of the structures and syntax of higher-level 
languages such as the C language. This improves 
program readability and reliability, and increases pro¬ 
grammer productivity. 

Features of the ST78K0 

□ Control structures for conditions, looping, and 
switch-case 

□ Preprocessor directives for conditional code 
generation 

□ C-like representation of comparison operations 

□ C-like representation of assignment/arithmetic 
operations 

□ Increment and decrement operators 

□ Allows use of all ^PD78K0 mnemonics, registers, 
and features 


Figure 6. Structured Assembler Preprocessor 
Functional Diagram 



Summary Of Structured Language 

A line of source code for ST78K0 contains either a 
structured assembly statement or a )l/PD 78K0 assem¬ 
bly language statement. )l/PD 78K0 assembly language 
statements (juPD78K0 Instructions, RA78K0 directives, 
or RA78K0 controls) pass through ST78K0 without 
change. 

Structured assembly statements consist of preproces¬ 
sor directives, assignment statements, and control 
statements. These statements are entered one per line, 
and are terminated by a linefeed character. An optional 
comment may follow a semicolon at the end of the 
statement; all text following a semicolon Is Ignored by 
ST78K0. 

Preprocessor directives cause ST78K0 to Include or 
omit portions of code. Assignment statements cause 
ST78K0 to generate one or more /iPD78K0 assembly 
language Instructions to alter the contents of a register 
or variable. Control statements cause ST78K0 to gen¬ 
erate the necessary instructions to test conditions and 
change control flow based on those conditions. 
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Preprocessor Directives 

ST78K0 preprocessor directives set and test variables, 
allowing conditional processing of code, include exter¬ 
nal files and map instructions to ijPDTQKO CALLT table 
reference instructions. Table 1 lists the preprocessor 
directives and their functions. 

Tabfe /. Preprocessor Directives and Functions 


Directive 

Function 

#define NAME value 

Defines the variable NAME, set to the 
supplied value. 

#ifdef ABC 

< statements > 

#else 

< statements> 

#endif 

If ABC has been defined as above, or on the 
command line with the -D option, the first 
set of statements is processed and the 
second set ignored; if ABC has not been 
defined, or defined as zero, the first set of 
statements is ignored and the second set Is 
processed. 

#include "filename" 

The named file is read from disk and 
processed as if included in the source. 

#defcallt ©LABEL 
CALL Habel 
#endcallt 

Whenever the instruction "CALL llabel" is 
encountered in the source program, it is 
replaced by "CALLT [©LABEL]". The label 
must be defined in the CALLT table. 


The increment and decrement operators (+ + and --) 
operate on a single operand. 


Tabie 2. Assignment Operators With Exampies 
and Functions 


Operator 

Example 

Function 

= 

A = B 

A B 

< - > 

A < - > B 

Contents of A and B are exchanged 

+ = 

A += B 

A«-a+ B 

-= 

A-= B 

A A- B 

*_ 

AX *= B 

AX AX * B 

/= 

AX/= C 

AX AX / C 

&= 

A&= B 

A A & B (logical AND) 

l = 

> 

F 

CD 

A ^ A I B (logical OR) 

= 

A = B 

A - A '' B (logical XOR) 

> > = 

A>> = B 

(CY-^-Ao,An-i<-An.A^ax^O) x B times 

< < = 

A<< = B 

(CY^Amax.An+ i^An,...Ao<-0) x B times 

+ + 

A+ + 

A A + 1 ' 

-- 

A- 

A^A-1 


Control Statements 


Assignment, Increment, and Decrement 
Statements 

ST78K0 provides the ability to represent an assignment, 
or an assignment with an arithmetic operation, in C 
language syntax: 

destination < assign-op> source 

The assignment operators (table 2) allow either simple 
assignment or the combination of an assignment with 
an arithmetic operation on the source and destination. 

Examples: 

A = B ;Move contents of B register to A 
A + = [HL] ;Add contents of memory at HL to A, 

;store in A 

Where an assignment requires an Intermediate register 
to hold the value being assigned, the register is desig¬ 
nated by naming it in parentheses following the assign¬ 
ment operation. 

Examples: 

DATA1 = B (A) ;Store contents of B into memory at 
;DATA1, using A as temporary stor- 
age 

BC & = HL (XA) ;and BC with HL, store in BC, 

;use XA as temp 


Control statements (table 3) allow conditions to be 
tested. Based on the results of the test, blocks of code 
are allowed to be executed or skipped. Reserved words 
in the control statement define the start and end of 
blocks of code and expressions to be evaluated. 

Example: 


if (A== [HL]) 
P5 = B (A) 

A = [HL] 

else 


;The condition is tested. 

;lf A equals the content of memory 
;at HL, this code is executed. 



A + = [HL] ;Otherwlse, this code is executed. 
A- = B 
P5 = A 


endif 
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Table 3. Control Statement Directives 


Control Statement 

Function 

if - elseif - else - endif 

Test variable expressions 

if_bit - elseif_bit - else - endif 

Test bit expressions 

switch - case - default - ends 

Select based on variable 

for - next 

Loop, test variable 

while - endw 

Loop, test variable 

repeat - until 

Loop, test variable 

while_bit - endw 

Loop, test bit 

repeat - until_bit 

Loop, test bit 

break 

Exit control block 

continue 

Skip to top of block 

goto LABEL 

Branch to label 


Variable and Bit Expressions 

Variable expressions for tests consist of a single value, 
comparison between two variables, or a logical combi¬ 
nation of comparisons. Bit expressions test individual 
bits. Table 4 shows examples of comparisons. The 
allowable expressions using variables are shown in 
table 5. 


Table 4. Examples of Variable Expression 
_ Comparisons 


Comparison 

Meaning 

if(A) 

True if A is non-zero 

if (A < B ) 

True if A is less than B 

if ((A < B) && (A > 

C)) True if A is less than B and greater than C 

if_bit ( P3.2} 

True if bit 2 of P3 is 1 

if_bit (IP3.2 ) 

True if bit 2 of P3 is 0 

Table 5. Expressions and Examples 

Expression 

Example 

Primary 

(A) 

Term 

(A < = B) 

Term && Term 

((A< B) && (A> C)) (logical AND) 

Term II Term 

((A= = C) II (A= = B)) (logical OR) 


A primary value for a variable expression is a register 
name or defined symbol. A term consists of two pri¬ 
mary values compared with a binary operator. Table 6 
lists the supported binary operators and their mean¬ 
ings. 


Table 5. Binary Operators 


Binary Operator 

Meaning 

= = 

Equal 

!= 

Not equal 

> 

Greater than 

> = 

Greater than or equal to 

< 

Less than 

< = 

Less than or equal to 


Bit expressions test Individual bits of registers, ports, 
or memory locations. Table 7 shows the acceptable 
forms of bit expressions. 


Table 7. Bit Expressions and Examples 


Bit Expression 

Example 

Bit_primary 

( P2.1 ) 

IBitprimary 

(ICY) 

Bit_primary && Bit primary 

( A.O && CY ) 

Bit_primary II Bit_primary 

( P2.2 II CY) 


A Blt_primary can be either a reserved word bit Identi¬ 
fier, such as a bit of a register or port (P2.1, CY), or a bit 
definition symbol (SBO EQU P2.2). 


ST78K0 Operation and Controls 

ST78K0 is Invoked by specifying the name of the source 
file, followed by optional controls. 

Example: 

C> ST78K0 ABC.SRC -DXYZ= 3 

ST78K0 reads the specified source file and produces an 
output assembly language file, which can be Input to 
RA78K0. The output file contains all lines provided In 
the input source file, plus those generated by ST78K0. 
Lines containing no statements for the structured 
assembler are passed through unchanged. Lines with 
structured assembly statements are placed In the 
output preceded by a semicolon. RA78K0 treats these 
lines as comments. These commented lines are then 
followed by the code generated by ST78K0. 

The controls for ST78K0 (table 8) are specified in the 
preprocessor command line or in a parameter file 
invoked in the command line. 
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Table 8. ST78K0 Preprocessor Controls 


Control 

Function 

-Ofilename 

Specify name of output assembly source file 

-Ffilename 

Specify name of parameter file to be read 

-Efilename 

Specify name of error listing file 

-Dsymbol[= value] 

-- 

Define a symbol (like #define in code) 

-l[d:] [directory] 

Define path for include file 

-WTn1,n2,n3 

Define TAB settings for generated code 

-SCcharacter 

Defines word symbol last character 


The -O option allows the name of the output file to be 
specified. If not specified, the output file name defaults 
to the name of the Input source file with the extension 
.ASM. 

The -F option allows a parameter file to be specified, 
which will be read by ST78K0. This parameter file can 
contain a list of controls to be given to ST78K0 instead 
of or in addition to those specified on the command 
line. 

The -E option specifies the name of the error list!ng file. 
The error file contains the file name, error number, 
description of error and the line containing the error. If 
the -E option is not specified, the error file name 
defaults to the name of the input source file with the 
extension .EST. 

The -D control allows a symbol to be defined on the 
command line with an optional value provided. If a 
symbol is defined but no value is specified, the value 
defaults to 1. If the source file contains a #deflne 
directive that specifies a variable with the same name 
as the -D control, the value on the command line will 
override the value in the #deflne directive. 

The -I control specifies a drive or directory other than 
the current drive and directory to search for Include 
files. 

The -WT control specifies the number of TAB charac¬ 
ters to Insert before labels, instruction mnemonics, and 
instruction operands generated by ST78K0. This allows 
clear separation of assembly language instructions 
coded in the source file from those generated by 
ST78K0. 

The -SCcharacter control specifies the character used 
as the last character In a word symbol. The character 
must be a letter of the alphabet or the _ or ?. This 
allows ST78K0 to distinguish between word and byte 
operations. Symbols ending in this character are 
treated as word symbols and will generate a word 


operation (e.g. MOVW). If the -SC option is not speci¬ 
fied, ST78K0 assumes that a symbol ending with the 
character "P" or "p" is a word symbol. 

Emulator Controller Program 

Absolute object files produced by the RA78K0 relocat¬ 
able assembler package can ^ debugged with the 
appropriate NEC standalone in-circuit emulator. NEC 
emulator controller programs allow communication 
with the emulator through an RS-232C serial line. An 
emulator controller program can run on the IBM PC®, 
PC/XT®, or PC AT® under MS-DOS and is provided with 
the in-circuit emulator at no extra charge. 

These emulator controller programs provide the follow¬ 
ing features: 

• Uploading/downloading of object and symbol files 

• Symbolic debugging capability 

• Complete emulator control from host console 

• On-line help facilities 

• Macro command file capabilities 

• Host system directory and file display 

• Disk storage of debug session 

• Storage of last 20 commands for recall 

License Agreement 

RA78K0 is sold under terms of a license agreement 
included with the assembler. The accompanying card 
must be completed and returned to NEC Electronics 
Inc. to register the license. Software updates are pro¬ 
vided free to registered users for one year. 

Documentation 

For further information on source program formats, 
assembler operation, and actual program examples, 
refer to the following manuals supplied with the FIA78K0 
package. Additional copies may be obtained from NEC 
Electronics Inc. 

• FIA78K Series Assembler Package, Language Manual 

• F1A78K Series Assembler Package, Operation Man¬ 
ual 

• RA78K Series Structured Assembler Preprocessor, 
User’s Manual 


IBM PC, PC/XT, and PC AT are registered trademarks of International 
Business Machines Corporation. 
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NEC Electronics Inc. 


SD78K0 

Screen Debugger for the 
/JPD78K0 Product Line 

September 1993 


Description 


Development Tool Chain 


The SD78K0 screen debugger is a versatile software 
tool for debugging C and assembly language programs 
written for the /7PD78K0 product line of microcontrol¬ 
lers. SD78K0 has an easy-to-use, window-like user in¬ 
terface and can perform both source-level and sym¬ 
bolic debugging. 

SD78K0 performs software debugging by monitoring 
and controlling program execution on an NEC in- 
circuit emulator from a host computer. Program execu¬ 
tion information is presented in an organized format on 
several windows. 

The SD78K0 screen debugger is an integral component 
of the software development tool chai n for the/iPD78K0 
product line of microcontrollers. Its structured and 
user-friendly debugging environment can significantly 
improve software reliability as well as programmer 
productivity. 

Features 

□ C and assembly language source-level debugging 

□ Extensive program debugging functions 

□ Window-like user interface 

□ Mouse support 

□ User-configurable windowing environment 

□ User-defined key macro 

□ Screen dump to a printer or a disk file 

□ On-line help facility 

□ Extensive error reporting 

□ Runs under MS-DOS® operating system 

MS-DOS is a registered trademark of Microsoft Corporation 


Ordering Information 


Part Number 

System 

Description 

SD78K0-D52 

MS-DOS 

5-1/4-inch, double-density 
floppy diskette 


C source programs can be compiled with the CC78K0 
C compiler to generate relocatable object code as 
shown in figure 1. The RA78K0 relocatable assembler 
converts assembly language source programs into 
relocatable object code. The debug option must be 
specified during program compilation or assembly, 
which will embed debug information into the object 
code. The resulting object code can be linked using the 
LK78K0 linker, which is part of the RA78K0 relocatable 
assembler package, to generate a load module file. The 
SD78K0 screen debugger then takes this load module 
file as input for program debugging on the in-circuit 
emulator. 


Figure 1, Development Tool Chain 
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Debugging Functions 

• Program upload/download 

• On-line program assembly/disassembly 

• Separate display/working windows for: 

• — Register banks 

— Special function registers 

— Memory 

— Source code 

— Symbols 

— Variables 

— Functions 

— Stack 

• Breakpoint/watchpoint setting 

• Event conditions setting 

• Program tracing 

• Real-time step emulation 

• Performance measurement 

• PROM programmer control 

• Command file execution 

• Save debug session 

License Agreement 

SD78K0 is sold under terms of a license agreement 
included with purchased copies of the screen debug¬ 
ger. The accompanying card must be completed and 
returned to NEC Electronics Inc. to register the license. 
Software updates are provided free to registered users 
for one year. 

Documentation 

For further information on features, operations, and 
session examples, refer to the following manuals sup¬ 
plied with the SD78K0. Additional copies may be ob¬ 
tained from NEC Electronics Inc. 

• SD78K/0 Screen Debugger, SD Primer 

• SD78K/0 Screen Debugger, SD Reference 
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NEC Electronics Inc. 


IE-78230-R 
In-Circuit Emuiator 
for the pPD78224/238 Famiiies 

September 1993 


Description 

The IE-78230-R is an in-circuit emulator providing both 
hardware emulation and software debugging capabil¬ 
ities for the NEC /iPD78224/238 families of single-chip 
microcontrollers. Real-time and single-step emulation, 
combined with sophisticated memory mapping fea¬ 
tures, breakpoint, and trace capabilities, create a pow¬ 
erful debugging environment. A line assembler/ 
disassembler, full register and memory control, 
symbolic debugging, and complete upload/download 
capabilities simplify the task of debugging hardware 
and software. 

Features 

□ 12-MHz maximum operating frequency 

□ Real-time and non-real-time emulation 

□ Sophisticated break events 

— Logical OR of up to four sets of events 
Executed instruction count 
External sense clip condition 
Parallel or sequential fetch addresses 
Logical AND of addresses, data values, CPU 
controls, and loop count 

□ Sophisticated trace capabilities 

— Traces program fetch or data access 

— 2K X 44 bit trace buffer 

— Address, control, data, and external signal trace 

— Instruction or frame display 

— Trace search capability 

— Specify trigger point at beginning, middle, or 
end of trace buffer 

n Supports debug activities during real-time 
emulation 

— Displays trace buffer 

— Modifies trace conditions 

— Modifies trace event conditions 

— Restarts trace 

□ Powerful memory mapping 

— 32K bytes RAM for /iPD78224 or /iPD78238 ROM 
emulation 

— 3840 bytes of RAM for internal RAM emulation 

— 64K bytes of RAM for off-chip RAM/ROM 
emulation 

□ Line assembler/disassembler 

□ Symbolic debugging: 7000 symbols maximum 

□ CMOS latch-up warning and protection 


° Eight external sense clips on emulator probe 

□ Host control program for IBM PC®, PC/XT®, 

PC/AT®, or compatible 

□ Centronics parallel interfaces for optional high¬ 
speed program download and printer 

IBM PC, PC/XT, and PC/AT are registered trademarks of International 
Business Machines Corporation. 

Equipment Supplied 

The IE-78230-R package includes the following: 

□ IE-78230-R emulator frame 

□ Control/trace board 

□ Break board (IE-78200-R-EM) 

° Emulation board (IE-78230-R-EM) 

□ Controller software program 

□ RS-232-C interface cable 


Ordering Information (Also, see selection guide.) 


Part Number 

Description 

IE-78230-R 

In-circuit emulator for/iPD78224/238 families 

IE-78230-R-EM 

Emulation board included in IE-78230-R 
package (separately purchased to upgrade 75X 
or 78X product line emulators to have functions 
equivalent to IE-78230-R) 

EP-78230GC-R 

Emulator probe for 80-pin QFP (optional) 
(includes one EV-9200GC-80 socket adapter) 

EP-78230GJ-R 

Emulator probe for 94-pin QFP (optional) 
(includes one EV-9200G-94 socket adapter) 

EP-78230LQ-R 

Emulator probe for 84-pin PLCC package 
(optional) 

EV-9200GC-80 

Five socket adapters; converts 80-pin LCC 
probe tip to 80-pin plastic QFP (14x14) device 
footprint (optional) 

EV-9200G-94 

Five socket adapters; converts 94-pin LCC 
probe tip to 94-pin QFP device package 
(optional) 

RA78K2-D52 

Relocatable assembler for 78K2 product line 

CC78K2-D52 

C compiler for 78K2 product line 

SD78K2-D52 

Screen debugger for 78K2 product line* 


*Under development 
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NEC Electronics Inc. 


IE-78240-R 
In-Circuit Emuiator 
for the jifPD78214/218A/244 Famiiies 

September 1993 


Description 

The IE-78240-R is an in-circuit emulator providing both 
hardware emulation and software debugging capabil¬ 
ities for the NEC juPD78214/218A/244 families of single¬ 
chip microcontrollers. Real-time and single-step emu¬ 
lation capability, combined with sophisticated 
memory-mapping features, breakpoints, and trace ca¬ 
pabilities, create a powerful debugging environment. A 
line assembler/disassembler, full register and memory 
control, symbolic debugging, and complete upload/ 
download capabilities simplify the task of debugging 
hardware and software. 

The IE-78240-R-EM is an optional emulation board 
available to upgrade the 75X or 78K product lines of 
in-circuit emulators to have functions equivalent to the 
IE-78240-R. 

Features 

□ 12-MHz max operating frequency 

□ Real-time and non-real-time emulation 

□ Sophisticated break events 

— Logical OR of up to four sets of events 
Executed Instruction count 
External sense clip condition 
Parallel or sequential fetch addresses 
Logical AND of addresses, data values, CPU 
controls, and loop count 

□ Sophisticated trace capabilities 

—Traces program fetch or data access 
—2K X 44-bit trace buffer 

—Address, control, data, and external signal trace 

— Instruction or frame display 

— Trace search capability 

— Specify trigger point at beginning, middle, or 
end of trace buffer 


□ Supports debug activities during real-time 
emulation 

— Displays trace buffer 

— Modifies trace conditions 

— Modifies trace event conditions 

— Restarts trace 

° Powerful memory mapping 

— 32K bytes RAM for jL/PD7821x or jL/PD7824x ROM 
emulation 

— 3840 bytes of RAM for internal RAM emulation 

— 3840 bytes of EEPROM for/iPD7824x EEPROM 
emulation 

— 64K bytes of RAM for off-chip RAM/ROM 
emulation 

□ Line assembler/disassembler 

□ Symbolic debugging: 7000 symbols maximum 

□ CMOS latch-up warning and protection 

□ Eight external sense clips on emulator probe 

□ Host control program for IBM PC®, PC/XT®, 

PC/AT®, or compatible 

□ Centronics parallel interfaces for optional high¬ 
speed program download and printer 

IBM PC, PC/XT, and PC/AT are registered trademarks of International 
Business Machines Corporation. 

Equipment Supplied 

The IE-78240-R package includes the following: 

□ IE-78240-R emulator frame 

□ Control/trace board 

□ Break board (IE-78200-R-EM) 

□ Emulation board (IE-78230-R-EM) 

□ Controller software program 

□ RS-232-C interface cable 



IE-78240R 


Ordering Information (Also, see selection guide.) 


Part Number 

Description 

IE-78240-R 

In-circuit emulator for /jPD 78214/218A/244 
families 

IE-78240-R-EM 

Separately sold emulation board to upgrade 

75X or 78X product lines of in-circuit emulators 
to have functions equivalent to 1E-78240-R 

EP-78240CW-R 

Emulator probe for 64-pin shrink DIP package 
(optional) 

EP-78240GC-R 

Emulator probe for 64-pin QFP (optional) 
(Includes one EV-9200GC-64 socket adapter) 

EP-78240GJ-R 

Emulator probe for 74-pin QFP (optional) 
(Includes one EV-9200G-74 socket adapter) 

EP-78240GQ-R 

Emulator probe for 64-pin QUIP (optional) 

EP-78240LP-R 

Emulator probe for 68-pin PLCC package 
(optional) 

EV-9200GC-64 

Five socket adapters; converts 64-pin LCC 
probe tip to 64-pin QFP device footprint. 
(Optional) 

EV-9200G-74 

Five socket adapters; converts 74-pin probe tip 
to 74-pin QFP device footprint. (Optional) 

RA78K2-D52 

Relocatable assembler for 78K2 product line 

CC78K2-D52 

C compiler for 78K2 product line 

SD78K2-D52* 

Screen debugger for 78K2 product line 


*Under development 



IE-78240-R In-Circuit Emulator 
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NEC Electronics Inc. 


DDB-78K2 
Evaluation Board 
for the i[iPD78K2 Product Line 

September 1993 


Description 

The DDB-78K2 are evaluation boards for the NEC 
/iPD78K2 product line of 8-bit, single-chip microcon¬ 
trollers. The DDB-78K2 provides maximum flexibility 
when evaluating and designing with the fjPD78\<2 prod¬ 
uct line. Every DDB-78K2 features a /iPD78213, 
/iPD78220, /iPD78233, or /JPD78343 microcontroller, 
32K bytes of ROM, 32K bytes of RAM, /iPD27C512 
footprint for 64K bytes of optional extended data mem¬ 
ory, RS-232-C communication port, and a powerful 
monitor program. A playpen area is included for eval¬ 
uating the /iPD78K2 product line with application spe¬ 
cific hardware. 

Features 

□ jL/PD78213, /JPD78220, iLiPD78233, or /iPD78243 
evaluation board 

— Convertible by changing microcontroller 

□ On-board memory 

— ROM: 32K bytes 

— RAM: 32K bytes 

□ /L/PD27C512 footprint for 64K bytes of extended 
data memory 

□ Powerful on-board debug monitor 

— Real-time and single-step operation 

— Display/change memory and internal registers 


— Multiple software breakpoints 

— User program download capability 

□ RS-232-C serial interface for terminal or host 
computer 

□ Playpen area for user circuitry 
a Includes AC/DC converter 

Equipment and Documentation Supplied 

The DDB-78K2-2XX package includes the following: 

□ DDB-78K2-2XX evaluation board for 78K2 product 
line 

□ RA78K2-D52 relocatable assembler for 78K2 
product line 

□ AC/DC converter power supply 

□ Data book/user’s manual 

Ordering Information (Also, see selection guide.) 


Part Number 

Description 

DDB-78K2-21X 

Basic development board for )l/PD 78218A/ 
214 families designs 

DDB-78K2-22X 

Basic development board forjuPD78224 
family designs 

DDB-78K2-23X 

Basic development board for jL/PD78238 
family designs 


DDB-78K2 Evaluation Board 
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NEC Electronics Inc. 


EB-78230-PC 
Evaluation Board 
for the JLIPD78238 Family 

September 1993 


Description 

The EB-78230-PC is an evaluation board for the NEC 
/iPD78233 and /7PD78234. These devices are 8-bit, 
single-chip microcontrollers. The EB-78230-PC pro¬ 
vides a simple way to evaluate the capabilities of the 
/iPD78233 and /iPD78234 in an application without 
having to build a prototype. If It is necessary to connect 
the EB-78230-PC directly to a target system, the IE- 
78230 emulator probes can be purchased separately. 

The EB-78230-PC features 32K bytes of static RAM for 
evaluation programs, an RS-232-C communication 
port, and a powerful on-board monitor. Evaluation 
programs can be downloaded from a host computer or 
created directly on the board using the line assembler. 
Programs can be executed In real time with or without 
breakpoints or one Instruction at a time. Commands 
are available to display or change memory, general 
registers or special function registers, and to disas¬ 
semble your code. 

A controller program controls the EB-78230-PC directly 
from the console of an IBM PC®, PC/XT®, PC/AT® or 
compatible host computer using an RS-232-C serial 
Interface. 


Equipment and Documentation Supplied 

□ EB-78230-PC evaluation board 

□ EB-78230-PC user’s manual 

□ System disk for IBM PC 

□ AC/DC converter power supply 

□ Battery holder and mounting hardware 

Ordering information (Also, see selection guide.) 


Part Number 

Description 

EB-78230-PC 

juPD78233 Evaluation Board (IBM PC Based) 

EP-78230GC-R 

Emulator probe for 80-pin QFP (optional) 
(Includes one EV-9200GC-80 socket adapter) 

EP-78230GJ-R 

Emulator probe for 94-pin QFP (optional) 
(Includes one EV-9200G-94 socket adapter) 

EP-78230LQ-R 

Emulator probe for 84-pin PLCC package 
(optional) 

EV-9200GC-80 

Five socket adapters; converts 80-pin LCC 
probe tip to 80-pin plastic QFP (14x14) device 
footprint (optional). 

EV-9200G-94 

Five socket adapters; converts 94-pin LCC 
probe tip to 94-pin QFP device footprint 
(optional). 


Features 

□ 12-MHz max operating frequency 

□ /iPD78233 evaluation board 

□ 32K bytes static RAM 

□ Real-time and single-step execution 

□ Four parallel or sequential breakpoints 

□ Display/change memory and general registers 

□ Display/change special function registers 

□ User program upload/download capability 

□ Symbolic debugging support 

□ Line assembler and disassembler 

□ RS-232-C serial interface for host computer 

° Host control software for IBM PC, PC/XT, PC/AT or 
compatibles 

□ Connection to a target system using in-circult 
emulator probes 


EB-78230-PC Evaluation Board 
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NEC Electronics Inc. 


EB-78240-PC 
Evaluation Board 
for the iiiPD78214/218A/244 Families 

September 1993 


Description 

The EB-78240-PC is an evaluation board for the NEC 
/iPD78214/218A/244 families of 8-bit, single-chip micro¬ 
controllers. The EB-78240-PC provides a simple way to 
evaluate the capabilities of these devices in an appli¬ 
cation without having to build a prototype. If it is 
necessary to connect the EB-78240-PC directly to a 
target system, the IE-78240 emulator probes can be 
purchased separately. 

The EB-78240-PC features 32K bytes of static RAM for 
evaluation programs, an RS-232-C communication 
port, and a powerful on-board monitor. Evaluation 
programs can be downloaded from a host computer or 
created directly on the board using the line assembler. 
Programs can be executed In real time with or without 
breakpoints or one instruction at a time. Commands 
are available to display or change memory, general 
registers or special function registers, and to disas¬ 
semble your code. 

A controller program controls the EB-78240-PC directly 
from the console of an IBM PC®, PC/XT®, PC/AT® or 
compatible host computer using an RS-232-C serial 
interface. 

Features 

□ 12-MHz max operating frequency 

□ /iPD78243 evaluation board 

□ 32K bytes static RAM 

□ Real-time and single-step execution 

□ Four parallel or sequential breakpoints 

□ Display/change memory and general registers 

□ Display/change special function registers 

□ User program upload/download capability 

□ Symbolic debugging support 

° Line assembler and disassembler 

□ RS-232-C serial interface for host computer 

□ Host control software for IBM PC, PC/XT, PC/AT, or 
compatibles 

□ Connection to a target system using in-circuit 
emulator probes 


Equipment and Documentation Supplied 

° EB-78240-PC evaluation board 

□ EB-78240-PC user’s manual 

□ System disk for IBM PC 

□ AC/DC converter power supply 

□ Battery holder and mounting hardware 


Ordering Information (Also, see selection guide.) 


Part Number 

Description 

EB-78240-PC 

/iPD78243 evaluation board (IBM PC Based) 

EP-78240CW-R 

Emulator probe for 64-pin shrink DIP package 
(optional) 

EP-78240GC-R 

Emulator probe for 64-pin QFP (optional) 
(Includes one EV-9200GC-64 socket adapter) 

EP-78240GJ-R 

Emulator probe for 74-pin QFP (optional) 
(includes one EV-9200G-74 socket adapter) 

EP-78240GQ-R 

Emulator probe for 64-pin QUIP package 
(optional) 

EP-78240LP-R 

Emulator probe for 68-pin PLCC package 
(optional) 

EV-9200GC-64 

Five socket adapters; converts 64-pin LCC 
probe tip to 64-pin QFP device footprint 
(optional). 

EV-9200G-74 

Five socket adapters; converts 74-pin probe tip 
to 74-pin QFP device footprint (optional). 


EB-78240-PC Evaluation Board 



IBM PC, PC/XT, and PC/AT are registered trademarks of International 
Business Machines Corporation. 
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NEC Electronics Inc. 


CC78K2 
C Compiler for the 
JIIPD78K2 Product Line 

September 1993 


Description 

The CC78K2 C compiler is an ANSI standard C cross- 
compiler for the NEC /iPD78K2 product line of micro¬ 
controllers. The CC78K2 (figure 1) converts ANSI stan¬ 
dard C source code into NEC format object module or 
assembly language source files. During compilation, 
an optional optimizer can be invoked to optimize the 
object code for size and/or execution speed. 

In addition, CC78K2 supports extended functions for 
/iPD78K2 code generation. These extended functions 
allow the C compiler to take advantage of many pow¬ 
erful features in the /iPD78K2 microcontrollers to de¬ 
crease object code size and improve program execu¬ 
tion speed. 

The relocatable object file produced by the CC78K2 
can be converted into an absolute object file by the 
linker program and object converter program con¬ 
tained in the RA78K2 relocatable assembler package. 
The resulting ASCII hexadecimal format absolute ob¬ 
ject file then can be debugged using an NEC in-circuit 
emulator or evaluation board. 

Features 

□ ANSI standard C compiler 

□ Extended functions for optimized /iPD78K2 code 
generation 

□ Various optimization options for code size and/or 
execution speed 

□ Legal C code verification 

□ Outputs NEC format object module or assembly 
source file 

° Run-time error checking 

□ Outputs debug Information 
° ROMable object file creation 

□ User selectable and directable output files, list, 
and full cross-reference files 

□ Extensive error reporting 
° Built-in help facility 

□ Runs under MS-DOS® operating system 


Figure 1. CC78K2 Functional Diagram 



Ordering Information _ 

Part Number System Description 

CC78K2-D52 MS-DOS 5-1/4-inch, double-density floppy 

diskette 


CC78K2 Extended Functions 

• Register variables can be stored In the registers and 
Saddr area 

• Saddr area usage for variables 

• Direct peripherals access with SFR names 

• Saddr area usage for function arguments and auto¬ 
matic variables 

• Functions can be called using the CALLT table 

• Functions can be stored in the CALLF area 

• Bit data type 

• In-line assembly language 

• Interrupt functions 

— Generate Interrupt vector table 

— Disable/enable Interrupts 

• 1-megabyte extended data memory support 


MS-DOS is a registered trademark of Microsoft Corporation 
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Compiler Options 

The CC78K2 C compiler supports the following options 
during compilation: 

• Target chip selection 

• Parameter file specification 

• Macro name definition 

• Include files search path specification 

• Symbol length extension 

• Symbol name conversion to uppercase 

• Outputs debug information 

• Generates 

— Object file 

— Assembler source file (with/without C source) 

— Cross-reference list file 

— Error list file (with/without C source) 

— Preprocess list file 

• Listing format control 

• ROMable processing 

• Optimization option selection 

• Run-time error check selection 

• Temporary directory specification 

• Warning level selection 

• Outputs compilation status information 

C Library Functions 

The CC78K2 C compiler library includes most of the 
important C library functions that apply to PROM- 
based embedded systems. All library functions reside 
In the library files supplied. Header files that declare 
the set of library functions are also Included. 

The following library functions are available: 


I/O Functions 

sprintf sscanf 


Character Functions 


isalpha 

isupper 

islower 

isdigit 

Isalnum 

Isxdigit 

isspace 

ispunct 

isprint 

Isgraph 

iscntrl 

isascii 

toupper 

toascii 

tolower 

joupper 

_to lower 

String Functions 



strlen 

strcpy 

strncpy 

strcat 

strncat 

strcmp 

strncmp 

strchr 

strrchr 

strpbrk 

strspn 

strcspn 

strstr 

strtok 

strtol 

strtoul 

atoi 

atol 

itoa 

Itoa 

ultoa 




Memory Functions 



malloc 

calloc 

realloc 

free 

brk 

sbrk 

memcpy 

memmove 

memcmp 

memchr 

memset 


Program Control Functions 



setjmp 

exit 

longjmp 

abort 

atexit 

Mathematical Functions 



abs 

labs 

rand 

srand 

div 

Idiv 



Special Functions 



qsort 

bsearch 

strerror 

va_start 

va_arg 

va_end 




License Agreement 

CC78K2 is sold under terms of a license agreement 
included with the compiler. The accompanying card 
must be completed and returned to NEC Electronics 
Inc. to register the license. Software updates are pro¬ 
vided free to registered users for one year. 

Documentation 

For further information on source program formats, C 
compiler, and actual program examples, refer to the 
following manuals supplied with the compiler. Addi¬ 
tional copies may be obtained from NEC Electronics 
Inc. 

• CC78K Series C Compiler for Language 

• CC78K Series C Compiler for Operation 
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NEC Electronics Inc. 


RA78K2 

Relocatable Assembler Package 
for the iuPD78K2 Product Line 

September 1993 


Description 

The RA78K2 relocatable assembler package converts 
symbolic source code for the /iPD78K2 product line of 
8-bit, single-chip microcontrollers into executable ab¬ 
solute address object code. The RA78K2 package con¬ 
sists of six separate programs: assembler (RA78K2), 
linker (LK78K2), hexadecimal format object converter 
(OC78K2), librarian (LB78K2), list converter 
(LCNV78K2), and structured assembler (ST78K2). 

RA78K2 translates a symbolic source module into a 
relocatable object module. The assembler verifies that 
each instruction assembled is valid for the target mi¬ 
crocontroller specified at assembly time and produces 
a listing file and a relocatable object module. 

LK78K2 combines multiple relocatable object modules 
and library modules and converts them into a load 
module. OC78K2 converts a load module into an ASCII 
hexadecimal format absolute object code file. 

LB78K2 allows commonly used relocatable object 
modules to be stored in one file and linked Into multiple 
programs, greatly increasing programming efficiency. 
When a library file Is included in the Input of the linker, 
the linker extracts from the library file only those 
modules required to resolve external references and 
links them with the other modules. 

LCNV78K2 allows relocatable list files to be converted 
Into absolute list files. 

The ST78K2 structured assembler preprocessor is a 
companion program to the RA78K2 relocatable assem¬ 
bler for the NEC /iPD78K2 product line of microcontrol¬ 
lers. ST78K2 converts a source code file containing 
C-like structured assembly statements into a pure 
assembly language source file, which then can be 
assembled with RA78K2. 

Features 

□ Absolute address object code output 

□ User selectable and directable output files 

□ Macro definitions 

° Branch optimization 

□ Conditional assembly 

□ Extensive error reporting 

□ Powerful librarian 


□ C-Iike structured assembly statements 

□ Runs under MS-DOS® operating system 

MS-DOS Is a registered trademark of Microsoft Corporation. 


Ordering Information 


Part Number 

System 

Description 

RA78K2-D52 

MS-DOS 

5-1/4-inch, double-density floppy 



diskette 


Program Syntax 

An RA78K2 source module consists of a series of code, 
data, or bit segments. Each segment consists of state¬ 
ments composed of up to four fields: symbol, mne¬ 
monic, operand, and comment. 

The symbol field may contain a label whose value is the 
Instruction or data address or a name that represents 
an instruction address, data address, or constant. The 
mnemonic field may contain an Instruction or assem¬ 
bler directive. The operand field contains the data or 
expression for the specified instruction or directive. 
The comment field allows explanatory comments to be 
added to a program. 

Character constants are translated into 7-bit ASCII 
codes. Numeric constants may be specified as binary, 
octal, decimal, or hexadecimal. Arithmetic expressions 
may Include the operators /, MOD, OR, AND, 

NOT, XOR, EQ, NE, LT, LE, GT, GE, SHR, SHL, LOW, 
HIGH,., ( ), and character constants. 

Macro Definition 

RA78K2 allows the definition of macro code sequences 
with up to five parameters, LOCAL symbols, and spe¬ 
cial repeated code sequences. The macro code se¬ 
quence Is different than a subroutine call In that the 
Invocation of a macro in the source code results in the 
direct replacement of the macro call with the defined 
code sequence. 

Assembler Directives 

Assembler directives give instructions to the assem¬ 
bler, but they are not translated into machine code 
during assembly. Basic assembler directives include 
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storage definition and allocation directives (DB, DVy 
DS, OBIT); symbol directives (EQU, SET); and the loca¬ 
tion counter control directive ORG. Program control 
directives include segment directives (CSEG, DSEG, 
BSEG, ENDS); linkage directives (NAME, PUBLIC, EX- 
TRN, EXTBIT); macro directives (MACRO, LOCAL, 
REPT, IRP, EXITM, ENDM); automatic BR instruction 
directive (BR); and assembly termination directive 
(END). 

Assembler Controls 

The RA78K2 assembler (figure 1) has two types of 
controls. The primary controls, which are specified in 
the assembler command line or at the beginning of the 
source module, are as follows: 

• Processor selection 

• Output object creation selection 

• Output list file selection 

• Listing format controls 

• Optimization selection 

• Work file drive specification 

The general controls, specified in the source program, 
are as follows: 

• Inclusion of other source files 

• Page eject 

• Generation/suppression of listing 

• Listing titles 

• Conditional assembly controls 

The listing file may contain the complete assembly 
listing or only lines with errors, and a symbol or 
cross-reference table. The symbol table shows a!! de¬ 
fined symbols in alphabetical order, their types, at¬ 
tributes, and the values Initially assigned to them. 

The cross-reference table contains all defined symbols 
and the numbers of all statements that refer to them. 
The object file contains the relocatable object module. 
The format of this module is an NEC proprietary relo¬ 
catable object module format. 

If the optimization option is chosen, the assembler will 
generate the most efficient code by converting, where 
possible, three-byte absolute branches into two-byte 
relative branches. 


Figure /. Relocatable Assembler Functional 
Diagram 



Figure 2. Linker Functional Diagram 
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Linker 

The LK78K2 linker (figure 2) combines several relocat¬ 
able object modules, resolving PUBLIC/EXTRN refer¬ 
ences between modules, to create a load module. This 
output module contains both absolute object code and 
symbol Information. The linker will also search library 
files for required modules to resolve external refer¬ 
ences. The linker controls for LK78K2 can be specified 
in either the command line or in a parameter file. 
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The programmer can specify the starting address and 
order for code/data/stack segments, and protect areas 
of memory from being assigned. 

Object Converter 

The OC78K2 object converter (figure 3) outputs two 
files: an absolute load file in ASCII hexadecimal format, 
which can be downloaded to a PROM programmer, and 
a symbol file for the symbolic debugger. The program¬ 
mer can also specify an error list file for error logging. 

Librarian 

The LB78K2 librarian (figure 4) creates and maintains 
library files containing relocatable object modules. 
This reduces the number of files to be linked together 
by storing several modules in a single file. This pro¬ 
vides an easy way to link frequently used modules into 
programs. Modules can be added to, deleted from, or 
replaced within a library file, or the contents of the 
library file can be listed. 

List Converter 

The LCNV78K2 list converter (figure 5) converts a 
relocatable assembly list file into an absolute assem¬ 
bly list file, which contains absolute addresses and 
symbol values. 


Figure 3. Object Converter Functional Diagram 



Figure 4. Librarian Functional Diagram 
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Structured Assembler 

The ST78K2 (figure 6) converts a structured assembly 
statement into one or more /iPD78K2 assembly lan¬ 
guage Instructions that perform the desired operation. 
Since ST78K2 converts only structured assembly 
statements and not ^PD78K2 assembly language in¬ 
structions, a structured source program can Include a 
combination of ^PD78K2 structured assembly state¬ 
ments and assembly language. 

ST78K2 enables the assembly language programmer 
to use some of the structures and syntax of higher-level 
languages such as the C language. This improves 
program readability and reliability, and increases pro¬ 
grammer productivity. 

Features of the ST78K2 

□ Control structures for conditions, looping, and 
switch-case 

□ Preprocessor directives for conditional code 
generation 

□ C-like representation of comparison operations 

□ C-like representation of assignment/arithmetic 
operations 

□ Increment and decrement operators 

□ Allows use of all /iPD78K2 mnemonics, registers, 
and features 


Figure 6. Structured Assembler Preprocessor 
Functional Diagram 



Summary of Structured Language 

A line of source code for ST78K2 contains either a 
structured assembly statement or a /jPD 78K2 assem¬ 
bly language statement. jLiPD78K2 assembly language 
statements {jjPD78K2 instructions, RA78K2 directives, 
or RA78K2 controls) pass through ST78K2 without 
change. 

Structured assembly statements consist of preproces¬ 
sor directives, assignment statements, and control 
statements. These statements are entered one per line, 
and are terminated by a linefeed character. An optional 
comment may follow a semicolon at the end of the 
statement; all text following a semicolon is ignored by 
ST78K2. 

Preprocessor directives cause ST78K2 to include or 
omit portions of code. Assignment statements cause 
ST78K2 to generate one or more /jPD 78K2 assembly 
language instructions to alter the contents of a register 
or variable. Control statements cause ST78K2 to gen¬ 
erate the necessary instructions to test conditions and 
change control flow based on those conditions. 

Preprocessor Directives 

ST78K2 preprocessor directives set and test variables, 
allowing conditional processing of code; include exter¬ 
nal files; and map instructions to/iPD78K2 CALLT table 
reference instructions. Table 1 lists the preprocessor 
directives and their functions. 


Table 1. Preprocessor Directives and Functions 


Directive 

Function 

#define NAME value 

Defines the variable NAME, set to the 
supplied value. 

#ifdef ABC 
< statements > 

#else 

<statements> 

#endif 

If ABC has been defined as above, or on 
the command line with the -D option, the 
first set of statements is processed and 
the second set ignored; if ABC has not 
been defined, or defined as zero, the first 
set of statements is ignored and the 
second set is processed. 

#include “filename” 

The named file is read from disk and 
processed as if included in the source. 

#defcallt ©LABEL 
CALL llabel 
#endcallt 

Whenever the instruction “CALL llabel” is 
encountered in the source program, it is 
replaced by “CALLT [©LABEL]”. The 
label must be defined in the CALLT table. 
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Assignment, Increment, and Decrement 
Statements 

ST78K2 provides the ability to represent an assignment, 
or an assignment with an arithmetic operation, in C 
language syntax: 
destination < assign-op> source 

The assignment operators (table 2) allow either simple 
assignment or the combination of an assignment with 
an arithmetic operation on the source and destination. 

Examples: 

A = B ;Move contents of B register to A 

A + = [HL] ;Add contents of memory at HL to A, 
;store in A 

Where an assignment requires an intermediate register 
to hold the value being assigned, the register is desig¬ 
nated by naming it in parentheses following the assign¬ 
ment operation. 

Examples: 

DATA1 = B (A) ;Store contents of B into memory at 
;DATA1, using A as temporary 
jstorage 

BC & = HL (XA) ;and BC with HL, store in BC, 

;use XA as temp 

The increment and decrement operators (-i- -i- and -) 
operate on a single operand. 


Table 2. Assignment Operators With Examples 
and Functions 


Operator 

Example 

Function 

= 

A = B 

A<- B 

< - > 

A < - >B 

Contents of A and B are exchanged 

+ = 

A + = B 

A A + B 

-= 

CD 

II 

< 

A A- B 

*_ 

AX *= B 

AX AX * B 

/= 

AX/= C 

AX AX / C 

&= 

A&= B 

A ^ A & B (logical AND) 

l= 

A l= B 

A ^ A I B (logical OR) 


A B 

A <- A " B (logical XOR) 

> > = 

A> > = B 

(CY«-Ao,An-l*^An.Amax’^0) x B times 

< < = 

A< < = B 

(CY*-Amax'An+ i'*“An,...Ao‘*-0) x B times 

+ + 

A+ + 

A <- A + 1 

-- 

A- 

> 

t 

> 


Control Statements 


Control statements (table 3) allow conditions to be 
tested. Based on the results of the test, blocks of code 
are allowed to be executed or skipped. Reserved words 
in the control statement define the start and end of 
blocks of code and expressions to be evaluated. 

Example: 


if(A = = [HL]) 
P5 = B (A) 
A = [HL] 

else 


A + = [HL] 
A- = B 
P5 = A 


;The condition is tested 

;lf A equals the content of memory 

;at HL, this code Is executed 


jOtherwise this code is executed 


endif 

Table 3. Control Statement Directives 


Control Statement 

Function 

if - elseif - else - endif 

Test variable expressions 

if_bit - elseif bit - else - endif 

Test bit expressions 

switch - case - default - ends 

Select based on variable 

for - next 

Loop, test variable 

while - endw 

Loop, test variable 

repeat - until 

Loop, test variable 

while_bit - endw 

Loop, test bit 

repeat - until_bit 

Loop, test bit 

break 

Exit control block 

continue 

Skip to top of block 

goto LABEL 

Branch to label 


Variable and Bit Expressions 

Variable expressions for tests consist of a single value, 
comparison between two variables, or a logical combi¬ 
nation of comparisons. Bit expressions test individual 
bits. Table 4 shows examples of comparisons. The 
allowable expressions using variables are shown in 
table 5. 
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Table 4. Examples of Variable Expression 
_ Comparisons _ 


Comparison 


Meaning 

if(A) 


True if A is non-zero 

if ( A < B ) 


True if A is less than B 

if ((A < B) && (A > C)) 

True if A is less than B and greater than C 

if_bit ( P3.2 ) 


True if bit 2 of P3 is 1 

if_bit (IP3.2 ) 


True if bit 2 of P3 is 0 

Table 5. Expressions and Examples 

Expression 

Exampie 

Primary 

(A) 


Term 

(A< 

= B) 

Term && Term 

((A< B) && (A> C) ) (logical AND) 

Term II Term 

((A= 

= C) II (A= = B) ) (logical OR) 


A primary value for a variable expression is a register 
name or defined symbol. A term consists of two pri¬ 
mary values compared with a binary operator. Table 6 
lists the supported binary operators and their mean¬ 
ings. 


Table 6. Binary Operators 


Binary Operator 

Meaning 

= = 

Equal 

! = 

Not equal 

> 

Greater than 

> = 

Greater than or equal to 

< 

Less than 

< = 

Less than or equal to 


Bit expressions test individual bits of registers, ports, 
or memory locations. Table 7 shows the acceptable 
forms of bit expressions. 


Table 7. Bit Expressions and Examples 


Bit Expression 

Exampie 

Bit_primary 

( P2.1 ) 

!Bit_primary 

(ICY) 

Bit_primary && Bit_primary 

( A.O && CY ) 

Bit_primary II Bit_primary 

(P2.2 II CY) 


A Blt_primary can be either a reserved word bit identi¬ 
fier, such as a bit of a register or port (P2.1, CY), or a bit 
definition symbol (SBO EQU P2.2). 


ST78K2 Operation and Controls 

ST78K2 is invoked by specifying the name of the source 
file, followed by optional controls. 

Example: 

C> ST78K2 ABC.SRC -DXYZ = 3 

ST78K2 reads the specified source file and produces an 
output assembly language file, which can be input to 
RA78K2. The output file contains all lines provided in 
the input source file, plus those generated by ST78K2. 
Lines containing no statements for the structured 
assembler are passed through unchanged. Lines with 
structured assembly statements are placed In the 
output preceded by a semicolon. RA78K2 treats these 
lines as comments. These commented lines are then 
followed by the code generated by ST78K2. 

The controls for ST78K2 are specified in the preproces¬ 
sor command line or in a parameter file invoked in the 
command line. Table 8 lists the ST78K2 preprocessor 
controls and functions. 


Table 8. ST78K2 Preprocessor Controls 


Control 

Function 

-Ofilename 

Specify name of output assembly source file 

-Ffilename 

Specify name of parameter file to be read 

-Efilename 

Specify name of error listing file 

-Dsymbol[= value] 

Define a symbol (like #define in code) 

-l[d:] [directory] 

Define path for include file 

-WTn1,n2,n3 

Define TAB settings for generated code 

-SCcharacter 

Defines word symbol last character 


The -O option allows the name of the output file to be 
specified. If not specified, the output file name defaults 
to the name of the input source file with the extension 
.ASM. 

The -F option allows a parameter file to be specified, 
which will be read by ST78K2. This parameter file can 
contain a list of controls to be given to ST78K2, instead 
of or In addition to those specified on the command 
line. 

The -E option specifies the name of the error listing file. 
The error file contains the file name, error number, 
description of error and the line containing the error. If 
the -E option is not specified, the error file name 
defaults to the name of the input source file with the 
extension .EST. 

The -D control allows a symbol to be defined on the 
command line, with an optional value provided. If a 
symbol is defined but no value specified, the value 
defaults to 1. If the source file contains a #define 
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directive which specifies a variable with the same name 
as the -D control, the value on the command line will 
override the value in the #deflne directive. 

The -I control specifies a drive or directory other than 
the current drive and directory to search for Include 
files. 

The -WT control specifies the number of TAB charac¬ 
ters to insert before labels, instruction mnemonics, and 
instruction operands generated by ST78K2. This allows 
clear separation of assembly language instructions 
coded in the source file from those generated by 
ST78K2. 

The -SCcharacter control specifies the character used 
as the last character In a word symbol. The character 
must be a letter of the alphabet or the @, _ or ?. This 
allows ST78K2 to distingush between word and byte 
operations. Symbols ending in this character are 
treated as word symbols and will generate a word 
operation (e.g. MOVW). If the -SC option is not speci¬ 
fied, ST78K2 assumes that a symbol ending with the 
character "P" or "p" is a word symbol. 

Emulator Controller Program 

Absolute object files produced by the RA78K2 relocat¬ 
able assembler package can be debugged by using the 
appropriate NEC standalone In-circuit emulator. NEC 
emulator controller programs allow communication 
with the emulator through an RS-232C serial line. An 
emulator controller program can run on the IBM PC®, 
PC/XT®, or PC AT® under MS-DOS and is provided with 
the in-circuit emulator at no extra charge. 

These emulator controller programs provide the follow¬ 
ing features; 

• Uploading and downloading of object and symbol 
files 

• Symbolic debugging capability 

• Complete emulator control from host console 

• On-line help facilities 

• Macro command file capabilities 

• Host system directory and file display 

• Disk storage of debug session 

• Storage of last 20 commands for recall 


License Agreement 

RA78K2 is sold under terms of a license agreement 
included with the assembler. The accompanying card 
must be completed and returned to NEC Electronics 
Inc. to register the license. Software updates are pro¬ 
vided free to registered users for one year. 

Documentation 

For further information on source program formats, 
assembler operation, and actual program examples, 
refer to the following manuals supplied with the FIA78K2 
package. Additional copies may be obtained from NEC 
Electronics Inc. 

• RA78K Series Assembler Package, Language Manual 

• RA78K Series Assembler Package, Operation Man¬ 
ual 

• RA78K Series Structured Assembler Preprocessor, 
User’s Manual 

IBM PC, PC/XT, and PC AT are registered trademarks of International 
Business Machines Corporation. 
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IE-78310A-R 
In-Circuit Emulator 
for the JUPD78312A Family 

September 1993 


Description 

The IE-78310A-R Is an in-circuit emulator providing both 
hardware emulation and software debugging capabil¬ 
ities for the /JPD78312A family of single-chip microcon¬ 
troller. Real-time and single-step emulation, combined 
with sophisticated memory mapping features, break¬ 
points, and trace capabilities, create a powerful debug¬ 
ging environment. A line assembler/disassembler, full 
register and memory control, symbolic debugging, and 
complete upload/download capabilities simplify the 
task of debugging hardware and software. 

Features 

□ 12-MHz operating frequency 

□ Real-time and single-step emulation capability 

□ User-specified breakpoints 

— Logical OR of up to four sets of break conditions 

Opcode fetch count 
External sense clips condition 
Emulation time 

Logical AND of addresses, data values, CPU 
controls, and loop count 

□ Sophisticated trace capabilities 

— Instruction, frame, or macro service display 

— 2K X 44-bit trace buffer 

— Address, control, data, and port trace features 

□ Powerful memory mapping feature 

— 64K bytes of RAM mappable in 256-byte blocks 

— Up to 16K bytes of high-speed internal RAM for 
)UPD78312A ROM emulation 


IE-7831 OA-R with Emulator Probe 



□ Line assembler/disassembler 

□ Symbolic debugging 

— 2000 symbols available 

— IEEE-796 bus memory expansion slot for 32K 
additional symbols 

□ CMOS latch-up warning and protection 

□ Eight external sense clips 

□ Self-diagnostic command 

□ Stand-alone mode or system mode with host 
control program 

Equipment Supplied 

The IE-78310A-R package Includes the following: 

□ IE-78310A-R emulator frame 

□ Self-check board 

□ Emulation board 

□ Break board 

□ Control/Interface board 

□ Shrink DIP target probe 

□ VSP target probe 

□ External sense clip unit 

□ System diskette 

Ordering Information (Also, see selection guide.) 


Part Number 

Description 

IE-78310A-R 

In-circuit emulator for /iPD78312A family 

EP-78310CW 

Emulator probe for 64-pin shrink DIP 
package (shipped with IE-7831OA-R) 

EP-78310GQ 

Emulator probe for 64-pin QUIP 
package(shipped with iE-78310A-R) 

EP-78310L 

Emulator probe for 68-pin PLCC package 
(optional) 

EP-78310GF 

Emulator probe for 64-pin QFP package 
(optional) 

RA78K3.D52 

Relocatable assembler package for 78K3 
product line of microcontrollers (optional) 

CC78K3-D52 

C compiler package for 78K3 product line of 
microcontrollers (optional) 
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IE-78327-R 
In-Circuit Emulator 
for the f/PD78322 Family 

September 1993 


Description 

The IE-78327-R is an in-circuit emulator providing both 
hardware emulation and software debugging capabil¬ 
ities for the pPD78322 family of single-chip microcon¬ 
trollers. Real-time and single-step emulation, com¬ 
bined with sophisticated memory-mapping features, 
breakpoints, and trace capabilities, create a powerful 
debugging environment. A line assembler/ 
disassembler, full register and memory control, sym¬ 
bolic debugging, and complete upload/download ca¬ 
pabilities simplify the task of debugging hardware and 
software. 

The IE-78327-R-EM is an optional emulation board 
available to upgrade the 75X or 78K product lines of 
in-circuit emulators to have functions equivalent to 
IE-78327-R. 

Features 

□ 16-MHz operating frequency 

□ Real-time and non-real-time emulation 

□ Sophisticated break events: 

— Logical OR of up to six events with pass count 

Logical AND of addresses, data values, CPU 
status, and external sense clips five to eight 
data (four bus cycle events) 

External sense clips one to four data 
Executed Instruction address (four addresses) 

— Sequential enable for bus cycle events 

□ Sophisticated trace capabilities 

— Three trace modes: unconditional, qualified, and 
sectional 

— Traces main and internal CPU bus activity and 
external sense clip activity or time between 
trace frames 

— Store specified memory/regIster/SFR contents in 
trace buffer 

— 8K X 88-bit trace buffer 

— Instruction or frame display 

— Trace search capability 

— Specify trigger point at beginning, middle, or 
end of trace buffer 


□ Internal data RAM sampling 

— Up to 2000 three-word samples 

— Sample frequency: 0.4, 0.6, 0.8, or 1 to 10,000ps 

□ Program Coverage 

— Display map of memory space containing object 
code 

— Display map of object code that has been 
executed 

— Display percentage of executed instructions to 
total instructions in an area 

□ Emulation timer and instruction counter 

□ Debug activities during real-time emulation 

— Display trace buffer 

— Display data sampled from internal RAM 

— Modify trace conditions 

— Modify trace event conditions 

— Restart trace 

□ Powerful memory mapping: 

56K bytes of RAM for internal RCM, turbo access 
manager memory, or off-chip memory emulation 

□ Line assembler/disassembler 

□ Symbolic debugging: 2000 symbols maximum 

□ Save/restore In-circuit emulator settings to/from 
disk 


□ CMOS latch-up warning and protection 

□ Eight external sense clips on emulator probe 

□ Host control program for IBM PC®, PC/XT®, 
PC/AT®, or compatible 

□ Centronics parallel interfaces for optional high¬ 
speed program download and printer 



IBM PC, PC/XT, and PC/AT are registered trademarks of International 
Business Machines Corporation. 
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Equipment Supplied 

The IE-78327-R package includes the following: 

□ IE-78327-R emulator frame 

□ IE-78327-R-EM emulation board 

□ IE-78327-R-BK break board 

□ Control/trace board 

□ Controller software program 


Ordering Information (Also, see selection guide.) 


Part Number 

Description 

1E-78327-R 

In-circuit emulator for /iPD78322 family 

IE-78327-R-EM 

Emulation board included in IE-78327 package 
(separately purchased to upgrade 75x or 78K 
product line emulators to have functions 
equivalent to IE-78327-R) 

IE-78330-R-BK 

Break board (separately purchased to upgrade 
75x or 78K product line emulators to have 
functions equivalent to IE-78327-R) 

EP-78320GF-R 

Emulator probe for 80-pin LCC (optional) 

EP-78320GJ-R 

Emulator probe for 74-pm QFP (optional) 
(includes one EV-9200G-74 socket adapter) 

EP-78320L-R 

Emulator probe for 68-pin PLCC package 
(optional) 

EP-78327CW-R 

Emulator probe for 64-pin plastic shrink DIP 
(optional) 

EP-78327GF-R 

Emulator probe for 64-pin plastic QFP 
(optional) 

EV-9200G-64 

Five socket adapters; converts 64-pin LCC 
probe tip to 64-pin QFP device footprint. 

EV-9200G-74 

Five socket adapters; converts 74-pin probe tip 
to 74-pin QFP device footprint (optional). 

EV-9200G-80 

Five socket adapters; converts 80-pin LCC 
probe tip to 80-pin QFP (14x20) device footprint 
(optional). 

RA78K3-D52 

Relocatable assembler for K3 product line of 
microcontrollers (optional) 

CC78K3-D52 

C compiler for K3 product line of 
microcontrollers (optional) 


IE-78327-R In-Circuit Emulator 
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IE-78350-R 
In-Circuit Emulator 
for the PPD78352/356 Families 

September 1993 


Description 

The IE-78350-R is an in-circuit emulator providing both 
emulation and software debugging capabilities for the 
NEC /iPD78352 and ^PD78356 families of single-chip 
microcontrollers. Real-time and single-step emulation, 
combined with sophisticated memory-mapping fea¬ 
tures, break points, and trace capabilities, create a 
powerful debugging environment. 

The IE-78350-R-EM1 Is a separately sold, I/O emulation 
board used with the IE-78350-R development system 
for ^PD78350 or /iPD78352 16/8-bit single-chip micro¬ 
controllers. 

The IE78355-R-EM1 is a separately sold, I/O emulation 
board used with the IE-78350-R development system 
for pPD78355, iiiPD78P355, and fjPD78356 16/8-bit 
single-chip microconputers. 

Features 

□ 25-MHz max operating frequency 

□ Real-time and non-real-time emulation 

□ Sophisticated break events: 

— Logical OR of up to six events 
Pass count 

External sense clips (5-8) data (four bus cycle 
events) 

External sense clips (1-4) data 
Executed instruction address (four addresses) 
Logical AND of addresses, data values, and CPU 
status 

— Sequential enable for bus cycle events 

□ Sophisticated trace capabilities 

— Three trace modes: unconditional, qualified, and 
sectional 

— Traces main and internal CPU bus activity and 
external sense clip activity or time between 
trace frames 

— Store specified memory/register/SFR contents in 
trace buffer 

— 8K X 88-bit trace buffer 

— Instruction or frame display 
—Trace search capability 

— Specify trigger point at beginning, middle, or 
end of trace buffer 

□ Internal data RAM sampling 

— Up to 2000 three-word samples 

— Sample frequency: 0.4, 0.6, 0.8, or 1 to 10,000/lis 


□ Program Coverage 

— Display map of memory space containing object 
code 

— Display map of object code that has been 
executed 

— Display percentage of executed instructions to 
total instructions in an area 

□ Emulation timer and Instruction counter 

□ Debug activities during real-time emulation 

— Display trace buffer 

— Display data sampled from internal RAM 

— Modify trace conditions 

— Modify trace event conditions 

— Restart trace 

□ Powerful memory mapping: 

56K bytes of RAM for Internal ROM, turbo access 
manager memory, or off-chip memory emulation 

a Line assembler/disassembler 

□ Symbolic debugging: 2000 symbols maximum 

□ Save/restore in-circuit emulator settings to/from 
disk 

□ CMOS latch-up warning and protection 

p Eight external sense clips on emulator probe 

□ Host control program for IBM PC®, PC/XT®, 

PC/AT®, or compatible 

□ Centronics parallel interfaces for optional high¬ 
speed program download and printer 
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Ordering Information (Also, see selection guide.) 


Part Number 

Description 

IE-78350-R 

In-circuit emulator for/iPD78352/356 families 

IE-78350-R-EM1 

I/O emulation board for IE-78350-R (optional) 
combined with IE-78350-R to emulate /jPD 78352 
family 

IE-78355-R-EMt 

I/O emulation board for IE-78350-R (optional) 
combined with IE-78350-R to emulate /iPD78356 
family 

IE-78350-R-EM 

Emulation board for IE-78350-R (included with 
IE-78350-R) 

EP-78240GC-R 

Emulator probe for 64-pin QFP (optional) 
(includes one EV-9200GC-64 socket adapter) 

EP-78355GC-R 

Emulation probe for 100-pin QFP (optional) 
(includes one EV-9500GC-100 socket adapter) 

EV-9200GC-64 

Five socket adapters; converts 64-pin LCC 
probe tip to 64-pin QFP device footprint 
(optional) 

EV-9500GC-100 

One socket adapter; 100-pin PGA to 100-pin 

QFP (optional) 

EV-9501GC-100 

One socket adapter; 120-pin LCC to 100-pin 

PGA receptacle (optional) 

RA78K3-D52 

Relocatable assembler for 78K3 product line 
(optional) 

CC78K3-D52 

C compiler for 78K3 product line 


IE-78350-R In-Circuit Emulator 



Equipment Supplied 

The IE-78350-R package includes the following: 

□ IE-78350-R emulator frame 

□ IE-78350-R-EM emulation board 

□ Break board 

□ Control/trace board (fixed in the IE-78350-R) 

□ System diskette 
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EB-78320-PC 
Evaluation Board 
for the JIIPD78322 Family 

September 1993 


Description 

The EB-78320-PC is an evaluation board for the NEC 
jL/PD78322 family of 8-/16-bit, single-chip microcontrol¬ 
lers. The EB-78320-PC provides a simple way to evalu¬ 
ate the capabilities of the ^PD78322 family in an appli¬ 
cation without having to build a prototype. 

The EB-78320 features 32K bytes of static RAM for 
evaluation programs, an RS-232C communication 
port, and a powerful on-board monitor. Evaluation 
programs can be downloaded from a host computer or 
created directly on the board using the line assembler. 
Programs can be executed in real-time with or without 
breakpoints or one instruction at a time. Commands 
are available to display or change memory, general or 
special function registers, and to disassemble code. 

A controller program controls the EB-78320 directly 
from the console of an IBM PC®, PC/XT®, PC AT®, or 
compatible host computer using an RS-232C serial 
Interface. 

Features 


□ Line assembler and disassembler 

□ RS-232C serial interface for host computer 

□ Host control software for IBM PC®, PC/XT®, PC 
AT®, or compatibles 

IBM PC, PC/XT and PC AT are registered trademarks of International 
Business Machines Corporation. 


Ordering Information (Also, see selection guide.) 


Part Number 

Description 

EB-78320-PC 

jtiPD78320 evaluation board (IBM PC based) 

EP-78320GF-R 

Emulator probe for 80-pin QFP package 
(optional) 

EP-78320GJ-R 

Emulator probe for 74-pin QFP package 
(optional) 

EP-78320L-R 

Emulator probe for 68-pin PLCC package 
(optional) 

EV-9200G-74 

Five socket adapters; converts 74-pin probe tip 
to 74-pin QFP device footprint (optional). 

EV-9200G-80 

Five socket adapters; converts 80-pin to 80-pin 
QFP (14x20)device footprint (optional). 


° 16-MHz maximum operating frequency 

□ /iPD78320 evaluation board 
° 32K bytes of static RAM 

□ Real-time and single-step execution 

□ Four parallel or sequential breakpoints 

o Display/change memory and general registers 

□ Display/change special function registers 

□ User program upload/download capability 

□ Symbolic debugging support 


Equipment Supplied 

The EB-78320-PC package consists of the following: 


• EB-78320-PC evaluation board 

• EB-78320-PC user’s manual 

• System disk for IBM PC 

• AC/DC converter power supply 

• Battery holder and mounting hardware 

• Warranty policy and registration card 
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NEC 

NEC Electronics Inc. 


EB-78350 PC 
Evaluation Board 
for the JUPD78352 Family 

September 1993 


Description 

The EB-78350-PC is an evaluation board for the NEC 
^PD78352 family of 8-/16-bit, single-chip microcontrol¬ 
lers. The EB-78350-PC provides a simple way to evalu¬ 
ate the capabilities of the jLiPD78352 family in an appli¬ 
cation without having to build a prototype. 

The /iPD78350/352 can be emulated by connecting a 
separately purchased probe to the EB-78350-PC. 

The EB-78350-PC features 32K bytes of static RAM for 
evaluation programs, an RS-232C communication 
port, and a powerful on-board monitor. Evaluation 
programs can be downloaded from a host computer or 
created directly on the board using an on-line assem¬ 
bler. Programs can be executed in real time with or 
without breakpoints or one instruction at a time. Com¬ 
mands are available to display or change memory, 
general or special function registers, and to disassem¬ 
ble code. 

A controller program controlsthe EB-78350-PC directly 
from the console of an IBM PC®, PC/XT®, PC/AT®, or 
compatible host computer using an RS-232C serial 
Interface. 

Features 

□ 25-MHz maximum operating frequency 

□ /iPD78350/352 evaluation board 

□ 32K bytes of static RAM 

□ Real-time and single-step execution 

□ Four parallel or sequential breakpoints 

□ Display/change memory and general registers 

□ Display/change special function registers 

□ User program upload/download capability 

□ Symbolic debugging support 

□ Line assembler and disassembler 

□ RS-232C serial interface for host computer 

□ Host control software for IBM PC, PC/XT, PC/AT or 
compatibles 


Equipment and Documentation Supplied 

□ EB-78350-PC evaluation board 

□ EB-78350-PC user’s manual 

□ System disk for IBM PC 

□ AC/DC converter power supply 

□ Battery holder and mounting hardware 

□ Warranty policy and registration card 

Ordering Information (Also, see selection guide.) 


Part Number 

Description 

EB-78350-PC 

/iPD78350/352 evaluation board 

EP-78240GC-R 

Emulator probe for 64-pin QFP (optional) 
(includes one EV-9200GC-64 socket adapter) 

EV-9200GC-64 

Five socket adapters; converts 64-pin LCC probe 
tip to 64-pin QFP device footprint (optional). 

EB-78350-PC Evaluation Board 



IBM PC, PC/XT and PC/AT are registered trademarks of International 
Business Machines Corporation. 
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NEC 

NEC Electronics Inc. 


CC78K3 
C Compiler for the 
fiPD78K3 Product Line 

September 1993 


Description 

The CC78K3 C compiler is an ANSI standard C cross- 
compiler for the NEC pPD78K3 product line of micro¬ 
controllers. TheCC78K3 (figure 1) converts ANSI stan¬ 
dard C source code Into NEC format object module or 
assembly language source files. During compilation, 
an optional optimizer can be invoked to optimize the 
object code for size and/or execution speed. 

In addition, CC78K3 supports extended functions for 
^PD78K3 code generation. These extended functions 
allow the C compiler to take advantage of many pow¬ 
erful features in the /iPD78K3 microcontrollers to de¬ 
crease object code size and improve program execu¬ 
tion speed. 

The relocatable object file produced by the CC78K3 
can be converted into an absolute object file by the 
linker program and object converter program con¬ 
tained in the RA78K3 relocatable assembler package. 
The resulting ASCII hexadecimal format absolute ob¬ 
ject file then can be debugged using an NEC in-circult 
emulator or evaluation board. 


Figure 1. CC78K3 Functional Diagram 
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Ordering information _ 

Part Number System Description 

CC78K3-D52 MS-DOS 5-1/4-inch, double-density floppy 

diskette 


Features 

□ ANSI standard C compiler 

□ Extended functions for optimized pPD78K3 code 
generation 

□ Various optimization options for code size and/or 
execution speed 

□ Legal C code verification 

□ Outputs NEC format object module or assembly 
source file 

□ Run-time error checking 

□ Outputs debug Information 

□ ROMable object file creation 

□ User selectable and directable output files, list, 
and full cross-reference files 

□ Extensive error reporting 

° Built-in help facility 

□ Runs under MS-DOS® operating system 


CC78K3 Extended Functions 


• Register variables can be stored in the registers and 
Saddr area 

• Saddr area usage for variables 

• Direct peripherals access with SFR names 

• Saddr area usage for function arguments and auto¬ 
matic variables 

• Functions can be called using the CALLT table 

• Functions can be stored in the CALLF area 

• Bit data type 

• In-line assembly language 

• Interrupt functions 

— Generate interrupt vector table 

— Disable/enable interrupts 

• Vector/CALLT table address change 
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Compiler Options 

The CC78K3 C compiler supports the following options 
during compilation: 

• Target chip selection 

• Parameter file specification 

• Macro name definition 

• Include files search path specification 

• Symbol length extension 

• Symbol name conversion to uppercase 

• Outputs debug information 

• Generates 

— Object file 

— Assembler source file (with/without C source) 

— Cross-reference list file 

— Error list file (with/without C source) 

— Preprocess list file 

• Listing format control 

• ROMable processing 

• Optimization option selection 

• Run-time error check selection 

• Temporary directory specification 

• Warning level selection 

• Outputs compilation status information 

C Library Functions 

The CC78K3 C compiler library includes most of the 
important C library functions that apply to PROM- 
based embedded systems. All library functions reside 
in the library files supplied. Header files that declare 
the set of library functions are also included. 

The following library functions are available: 


I/O Functions 

sprintf sscanf 


Character Functions 


isalpha 

isupper 

Islower 

isdigit 

Isalnum 

isxdigit 

isspace 

ispunct 

Isprint 

isgraph 

iscntrl 

isascii 

toupper 

toascii 

tolower 

Joupper 

Jo lower 

String Functions 



strlen 

strcpy 

strncpy 

strcat 

strncat 

strcmp 

strncmp 

strchr 

strrchr 

strpbrk 

strspn 

strcspn 

strstr 

strtok 

strtol 

strtoul 

atoi 

atol 

itoa 

Itoa 

ultoa 




Memory Functions 



malloc 

calloc 

realloc 

free 

brk 

sbrk 

memcpy 

memmove 

memcmp 

memchr 

memset 


Program Control Functions 



setjmp 

exit 

longjmp 

abort 

atexit 

Mathematical Functions 



abs 

labs 

rand 

srand 

div 

Idiv 



Special Functions 



qsort 

bsearch 

strerror 

va_start 

vaarg 

va_end 




License Agreement 

CC78K3 is sold under terms of a license agreement 
included with the compiler. The accompanying card 
must be completed and returned to NEC Electronics 
Inc. to register the license. Software updates are pro¬ 
vided free to registered users for one year. 

Documentation 

For further information on source program formats, C 
compiler, and actual program examples, refer to the 
following manuals supplied with the compiler. Addi¬ 
tional copies may be obtained from NEC Electronics 
Inc. 

• CC78K Series C Compiler for Language 

• CC78K Series 0 Compiler for Operation 
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NEC 

NEC Electronics Inc. 


RA78K3 

Relocatable Assembler Package 
for the JUPD78K3 Product Line 

September 1993 


Description 

The RA78K3 relocatable assembler package converts 
symbolic source code for the /iPD78K3 product line of 
8/16-bit, single-chip microcontrollers Into executable 
absolute address object code. The RA78K3 package 
consists of six separate programs: assembler 
(RA78K3), linker (LK78K3), hexadecimal format object 
converter (OC78K3), librarian (LB78K3), list converter 
(LCNV78K3), and structured assembler (ST78K3). 

RA78K3 translates a symbolic source module into a 
relocatable object module. The assembler verifies that 
each instruction assembled Is valid for the target mi¬ 
crocontroller specified at assembly time and produces 
a listing file and a relocatable object module. 

LK78K3 combines multiple relocatable object and li¬ 
brary modules and converts them to a load module. 
OC78K3 converts a load module into an ASCII hexa¬ 
decimal format absolute object code file. 

LB78K3 allows commonly used relocatable object 
modules to be stored in one file and linked into multiple 
programs, greatly Increasing programming efficiency. 
When a library file Is Included in the input of the linker, 
the linker extracts from the library file only those 
modules required to resolve external references and 
links them with the other modules. 

LCNV78K3 allows relocatable list files to be converted 
into absolute list files. 

The ST78K3 structured assembler preprocessor is a 
companion program to the RA78K3 relocatable assem¬ 
bler for the NEC /iPD78K3 product line of microcontrol¬ 
lers. ST78K3 converts a source code file containing 
C-like structured assembly statements into a pure 
assembly language source file, which then can be 
assembled with RA78K3. 

The RA78K3 assembler package also Includes an ECC 
generator program (ECCGEN), which generates and 
applies Error Correcting Code (ECC) to the hexadeci¬ 
mal object module file. 


MS-DOS is a registered trademark of Microsoft Corporation. 


Features 

□ Absolute address object code output 

□ User-selectable and directable output files 

□ Macro definitions 

□ Branch optimization 

□ Conditional assembly 

□ Extensive error reporting 

□ Powerful librarian 

□ C-like structured assembly statements 

□ Runs under MS-DOS® operating system 


Ordering Information 


Part Number 

System 

Description 

RA78K3-D52 

MS-DOS 

5-1/4-inch, double-density 
floppy diskette 


Program Syntax 

An RA78K3 source module consists of a series of code, 
data, or bit segments. Each segment consists of state¬ 
ments composed of up to four fields: symbol, mne¬ 
monic, operand, and comment. 

The symbol field may contain a label, whose value is 
the instruction or data address, or a name that repre¬ 
sents an instruction address, data address, or con¬ 
stant. The mnemonic field may contain an instruction 
or assembler directive. The operand field contains the 
data or expression for the specified instruction or 
directive. The comment field allows explanatory com¬ 
ments to be added to a program. 

Character constants are translated into 7-bit ASCII 
codes. Numeric constants may be specified as binary, 
octal, decimal, or hexadecimal. Arithmetic expressions 
may include the operators /, MOD, OR, AND, 

NOT XOR. EQ, NE, LT LE, GT, GE, SHR, SHL, LOW 
HIGH,., {), and character constants. 

Macro Definition 

RA78K3 allows the definition of macro code sequences 
with up to five parameters, LOCAL symbols, and spe¬ 
cial repeated code sequences. The macro code se¬ 
quence differs from a subroutine call: the invocation of 
a macro in the source code results in the direct replace¬ 
ment of the macro call with the defined code sequence. 
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Assembler Directives 

Assembler directives give instructions to the assem¬ 
bler. They are not translated Into machine code during 
assembly. Basic assembler directives include storage 
definition and allocation directives (DB, DVV DS, DBIT); 
symbol directives (EQU, SET); and location counter 
control directive (ORG). Program control directives 
include segment directives (CSEG, DSEG, BSEG, 
ENDS); linkage directives (NAME, PUBLIC, EXTRN, 
EXTBIT); macro directives (MACRO, LOCAL, REPT, IRP, 
EXITM, ENDM); automatic BR instruction directive 
(BR); register assignment directive (RSS); and assem¬ 
bly termination directive (END). 

Assembler Controls 

The RA78K3 assembler (figure 1) has two types of 
controls. Primary controls are specified In the assem¬ 
bler command line or at the beginning of the source 
module as follows: 

• Processor selection 

• Output object creation selection 

• Output list file selection 

• Listing format controls 

• Optimization selection 

• Work file drive specification 

General controls are specified In the source program 
as follows: 

• Inclusion of other source files 

• Page eject 

• Generation/suppression of listing 

• Listing titles 

• Conditional assembly controls 

The listing file contains either the complete assembly 
listing or only the lines with errors, and a symbol or 
cross-reference table. The symbol table shows all de¬ 
fined symbols in alphabetical order with the types, 
attributes, and the values initially assigned to them. 

The cross-reference table contains all defined symbols 
and the numbers of all statements referring to them. 
The object file contains the relocatable object module. 
This is an NEC proprietary relocatable object module 
format. 

If the optimization option is chosen, the assembler will 
generate the most efficient code by converting, where 
possible, three-byte absolute branches into two-byte 
relative branches. 


Figure 1. Relocatable Assembler Functional 
Diagram 



ences between modules, to create a load module. This 
output module contains both absolute object code and 
symbol information. The linker will also search library 
files for required modules to resolve external refer¬ 
ences. The linker controls for LK78K3 can be specified 
in either the command line or In a parameter file. 

Figure 2, Linker Functional Diagram 
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Linker 

The LK78K3 linker (figure 2) combines several relocat¬ 
able object modules, resolving PUBLIC/EXTRN refer- 
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The programmer can specify the starting address and 
order for code/data/stack segments and protect areas 
of memory from being assigned. 

Object Converter 

The OC78K3 object converter (figure 3) outputs two 
files: an absolute load file in ASCII hexadecimal format, 
which can be downloaded to a PROM programmer, and 
a symbol file for the symbolic debugger. The program¬ 
mer can also specify an error list file for error logging. 


Figure 3. Object Converter Functional Diagram 



Librarian 

The LB78K3 librarian (figure 4) creates and maintains 
library files containing relocatable object modules. 
This reduces the number of files to be linked together 
by storing several modules In a single file. This pro¬ 
vides an easy way to link frequently used modules into 
programs. Modules can be added to, deleted from, or 
replaced within a library file; or the contents of the 
library file can be listed. 

List Converter 

The LCNV78K3 list converter (figure 5) converts a 
relocatable assembly list file Into an absolute assem¬ 
bly list file, which contains absolute addresses and 
symbol values. 


Figure 4. Librarian Functional Diagram 
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Structured Assembler 

The ST78K3 (figure 6) will convert a structured assem¬ 
bly statement into one or more /iPD78K3 assembly 
language instructions that perform the desired opera¬ 
tion. Because ST78K3 converts only the structured 
assembly statements and not ^PD78K3 assembly lan¬ 
guage instructions, a structured source program can 
include a combination of ^PD78K3 structured assem¬ 
bly statements and assembly language. 

ST78K3 enables the assembly language programmer 
to use some of the structures and syntax of higher-level 
languages such as the C language. This improves 
program readability and reliability, and increases pro¬ 
grammer productivity. 

Features of the ST78K3 

□ Control structures for conditions, looping, and 
switch-case 

□ Preprocessor directives for conditional code 
generation 

□ C-like representation of comparison operations 

° C-like representation of assignment/arithmetic 
operations 

□ Increment and decrement operators 

□ Allows use of all /iPD78K3 mnemonics, registers, 
and features 

Figure 6. Structured Assembler Preprocessor 
Functional Diagram 


Summary Of Structured Language 

A line of source code for ST78K3 contains either a 
structured assembly statement or a /iPD78K3 assem¬ 
bly language statement. /iPD78K3 assembly language 
statements 0 l/PD 78K3 instructions, RA78K3 directives, 
or RA78K3 controls) pass through ST78K3 without 
change. 

Structured assembly statements consist of preproces¬ 
sor directives, assignment statements, and control 
statements. These statements are entered one per line, 
and are terminated by a linefeed character. An optional 
comment may follow a semicolon at the end of the 
statement; all text following a semicolon is ignored by 
ST78K3. 

Preprocessor directives cause ST78K3 to include or 
omit portions of code. Assignment statements cause 
ST78K3 to generate one or more juPD78K3 assembly 
language instructions to alter the contents of a register 
or variable. Control statements cause ST78K3 to gen¬ 
erate the necessary Instructions to test conditions and 
change control flow based on those conditions. 
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Preprocessor Directives 

ST78K3 preprocessor directives set and test variables, 
allowing conditional processing of code; include exter¬ 
nal files; and map Instructions to/vPD78K3 CALL! table 
reference instructions. Table 1 lists the preprocessor 
directives and their functions. 


Table Preprocessor Directives and Functions 


Directive 

Function 

#define NAME value 

Defines the variable NAME, set to the 
supplied value. 

#ifdef ABC 

< statements > 

#else 

< statements > 

#endif 

If ABC has been defined as above, or on the 
command line with the -D option, the first 
set of statements is processed and the 
second set ignored; if ABC has not been 
defined, or defined as zero, the first set of 
statements is ignored and the second set is 
processed. 

#include "filename" 

The named file is read from disk and 
processed as if included in the source. 

#defcallt ©LABEL 
CALL llabel 
#endcallt 

Whenever the instruction "CALL Mabel" is 
encountered in the source program, it is 
replaced by "CALL! [©LABEL]". The label 
must be defined in the CALLT table. 


The increment and decrement operators (-i- + and -) 
operate on a single operand. 


Table 2. Assignment Operators with Examples 
and Functions 


Operator 

Example 

Function 

= 

A= B 

A^ B 

< - > 

A< . > B 

Contents of A and B are exchanged 

+ = 

A + = B 

A*-A+ B 

-= 

A-= B 

A^ A- B 

*= 

AX*= B 

AX^AX*B 

/= 

AX/= C 

AX-^AX/C 

&= 

A&= B 

A^A&B (logical AND) 

l = 

Al= B 

A <- A I B (logical OR) 

= 

A = B 

A ^ A " B (logical XOR) 

> > = 

A>> = B 

(CY«-Ao,An.i^An.A^ax-^O) x B times 

< < = 

A<< = B 

(CY<-Amax.An+ . Aq^O) x B times 

+ + 

A+ + 

A^A+ 1 

-- 

A-- 

A^ A- 1 


Control Statements 


Assignment, Increment, and Decrement 
Statements 

ST78K3 provides the ability to represent an assignment, 
or an assignment with an arithmetic operation, in 
C language syntax: 

destination < assign-op> source 

The assignment operators (table 2) allow either simple 
assignment or the combination of an assignment with 
an arithmetic operation on the source and destination. 


Control statements (table 3) allow conditions to be 
tested. Based on the results of the test, blocks of code 
are allowed to be executed or skipped. Reserved words 
In the control statement define the start and end of 
blocks of code and expressions to be evaluated. 

Example: 

if (A = = [HL]) ;The condition is tested. 

P5 = B (A) ;lf A equals the content of memory 

A = [HL] ;at HL, this code is executed. 


Examples: 

A = B ;Move contents of B register to A 
A -f = [HL] ;Add contents of memory at HL to A, 
;store in A 


else 

A + = [HL] 
A- = B 
P5 = A 


;Otherwise, this code Is executed. 



Where an assignment requires an intermediate register endif 
to hold the value being assigned, the register is desig¬ 
nated by naming it in parentheses following the assign¬ 
ment operation. 

Examples: 

DATA1 = B (A) ;Store contents of B into memory at 
;DATA1, using A as temporary stor¬ 
age 

BC & = HL (XA) ;and BC with HL, store in BC, 

;use XA as temp 
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Table 3. Control Statements and Function 


Control Statement 

Function 

if - elseif - else - endif 

Test variable expressions 

if_bit - elseif_bit - else - endif 

Test bit expressions 

switch - case - default - ends 

Select based on variable 

for - next 

Loop, test variable 

while - endw 

Loop, test variable 

repeat - until 

Loop, test variable 

while_bit - endw 

Loop, test bit 

repeat - until_bit 

Loop, test bit 

break 

Exit control block 

continue 

Skip to top of block 

goto LABEL 

Branch to label 


Variable and Bit Expressions 

Variable expressions for tests consist of a single value, 
comparison between two variables, or a logical combi¬ 
nation of comparisons. Bit expressions test individual 
bits. Table 4 shows examples of comparisons. The 
allowable expressions using variables are shown in 
table 5. 


Table 4. Examples of Variable Expression 
Comparisons 


Comparison 

Meaning 

if (A) 

True if A is non-zero 

if ( A < B ) 

True if A is less than B 

if ((A < B) && (A > C)) True if A is less than B and greater than C 

if_bit ( P1.2) 

True if bit 2 of P1 is 1 

if_bit (IP1.2) 

True if bit 2 of P1 is 0 

Table 5 . Expressions and Examples 

Expression 

Example 

Primary 

(A) 

Term 

(A < = B) 

Term && Term 

((A< B) && (A> C)) (logical AND) 

Term II Term 

((A= = C) II (A= = B) ) (logical OR) 


Table 6. Binary Operators 


Binary Operator 

Meaning 

= = 

Equals 

! = 

Not equal 

> 

Greater than 

> = 

Greater than or equal 

< 

Less than 

< = 

Less than or equal 


Bit expressions test individual bits of registers, ports, 
or memory locations. Table 7 shows the acceptable 
forms of bit expressions. 


Table 7 . Bit Expressions and Examples 


Bit Expression 

Example 

Bit_primary 

( P0.1 ) 

!Bit_primary 

(ICY) 

Bit_primary && Bit_primary 

( A.O && CY ) 

Bit_primary II Bit_primary 

( P0.2 II CY) 


A Bit_primary can be either a reserved word bit identi¬ 
fier, such as a bit of a register or port (P0.1, CY), or a bit 
definition symbol (SBO EQU P0.2), 


ST78K3 Operation and Controls 

ST78K3 is Invoked by specifying the name of the source 
file, followed by optional controls. For example: 

C> ST78K3 ABC.SRC -DXYZ= 3 

ST78K3 reads the specified source file and produces an 
output assembly language file, which can be Input to 
RA78K3. The output file contains all lines provided In 
the input source file, plus those generated by ST78K3. 
Lines containing no statements for the structured 
assembler are passed through unchanged. Lines with 
structured assembly statements are placed in the 
output preceded by a semicolon. RA78K3 treats these 
lines as comments. These commented lines are then 
followed by the code generated by ST78K3. 


A primary value for a variable expression is a register 
name or defined symbol. A term consists of two pri¬ 
mary values compared with a binary operator. Table 6 
lists the supported binary operators and their mean¬ 
ings. 
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The controls for ST78K3 are specified in the preproces¬ 
sor command line or in a parameter file invoked In the 
command line. Table 8 lists the ST78K3 preprocessor 
controls and functions. 


Table 8. ST78K3 Preprocessor Controls 


Control 

Function 

-Ofilename 

Specify name of output assembly source file 

-Ffilename 

Specify name of parameter file to be read 

-Efilename 

Specify name of error listing file 

-Dsymbol[= value] 

Define a symbol (like #define in code) 

-l[d:] [directory] 

Define path for include file 

-WTn1,n2,n3 

Define TAB settings for generated code 

-SCcharacter 

Defines word symbol last character 


The -O option allows the name of the output file to be 
specified. If not specified, the output file name defaults 
to the name of the input source file with the extension 
.ASM. 

The -F option allows a parameter file to be specified, 
which will be read by ST78K3. This parameter file can 
contain a list of controls to be given to ST78K3, instead 
of or in addition to those specified on the command 
line. 

The -E option specifies the name of the error listing file. 
The error file contains the file name, error number, 
description of error and the line containing the error. If 
the -E option is not specified, the error file name 
defaults to the name of the input source file with the 
extension .EST. 

The -D control allows a symbol to be defined on the 
command line, with an optional value provided. If a 
symbol Is defined but no value Is specified, the value 
defaults to 1. If the source file contains a #define 
directive which specifies a variable with the same name 
as the -D control, the value on the command line will 
override the value in the #define directive. 

The -I control specifies a drive or directory other than 
the current drive and directory to search for Include 
files. 

The -WT control specifies the number of TAB charac¬ 
ters to insert before labels, instruction mnemonics, and 
instruction operands generated by ST78K3. This allows 
clear separation of assembly language instructions 
coded in the source file from those generated by 
ST78K3. 

The -SCcharacter control specifies the character used 
as the last character in a word symbol. The character 
must be a letter of the alphabet or the @, _ or ?. This 


allows ST78K3 to distinguish between word and byte 
operations. Symbols ending in this character are 
treated as word symbols and will generate a word 
operation (e.g. MOVW). If the -SC operation is not 
specified, ST78K3 assumes that a symbol ending with 
the character "P" or "p" 's a word symbol. 

Emulator Controller Program 

Absolute object files produced by the RA78K3 relocat¬ 
able assembler package can be debugged with the 
appropriate NEC standalone in-circuit emulator. NEC 
emulator controller programs allow communication 
with the emulator through an RS-232C serial line. An 
emulator controller program can run on the IBM PC®, 
PC/XT®, or PC AT® under MS-DOS and is provided with 
the in-circuit emulator at no extra charge. 

These emulator controller programs provide the follow¬ 
ing features; 

• Uploading/downloading of object and symbol files 

• Symbolic debugging capability 

• Complete emulator control from host console 

• On-line help facilities 

• Macro command file capabilities 

• Host system directory and file display 

• Disk storage of debug session 

• Storage of last 20 commands for recall 

License Agreement 

RA78K3 is sold under terms of a license agreement 
Included with the assembler. The accompanying card 
must be completed and returned to NEC Electronics 
Inc. to register the license. Software updates are pro¬ 
vided free to registered users for one year. 

Documentation 

For further information on source program formats, 
assembler operation, and actual program examples, 
refer to the following manuals supplied with the RA78K3 
package. Additional copies may be obtained from NEC 
Electronics Inc. 

• RA78K Series Assembler Package, Language Manual 

• RA78K Series Assembler Package, Operation Man¬ 
ual 

• RA78K Series Structured Assembler Preprocessor, 
User’s Manual 

• ECC Generator, User’s Manual 


IBM PC, PC/XT, and PC AT are registered trademarks of International 
Business Machines Corporation. 
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Soldering 


mPD 78C00 Product Line; Soldering and Packaging Information 

Part Number 

Package 

Package Drawing 

Recommended 

Soldering Code (Note 1) 

fiPD78C14 Family 

78C10ACW 

64-pin SDIP 

P64C-70-750A,C 

WS60-00-1 

78C10AGF-3BE 

64-pin QFP 

P64GF-100-3B8, 3BE-1 

IR30-00-1, VP15-00-1 

78C10AGF(A)-3BE 




78C10AGQ-36 

64-pin QUIP 

P64GQ-100-36 

WS60-00-1 

78C10AGQ(A)-36 




78C10AL 

68-pin PLCC 

P68L-50A1-1 

IR30-00-1, VP15-00-1 

78C10AL(A) 




78C11ACW-XXX 

64-pin SDIP 

P64C-70-750A, C 

WS60-00-1 

78C11AGF-XXX-3BE 

64-pin QFP 

P64GF-100-3B8, 3BE-1 

IR30-00-1, VPI 5-00-1, WS60-00-1 

78C11AGF(A)-xxx-3BE 



IR30-00-1,V PI 5-00-1 

78C11AGQ-XXX-36 

64-pin QUIP 

P64GQ-100-36 

WS60-00-1 

78C11AGQ(A)-xxx-36 




78C11AGQ-XXX-37 

64-pin QUIP (straight) 

P64GQ-100-37 

— 

78C11AL-XXX 

68-pin PLCC 

P68L-50A1 -1 

IR30-00-1, VP15-00-1 

78C11AL(A)-xxx 




78C12ACW-XXX 

64-pin SDIP 

P64C-70-750A,C 

WS60-00-1 

78C12AG-XXX-37 

64-pin QUIP (straight) 

P64GQ-100-37 

— 

78C12AG-XXX-36 

64-pin QUIP 

P64GQ-100-36 

WS60-00-1 

78C12AG(A)-xxx-36 




78C12AGF-XXX-3BE 

64-pin QFP 

P64GF-100-3B8, 3BE-1 

IR30-00-1, VP15-00-1, WS60-00-1 

78C12AL-XXX 

68-pin PLCC 

P68L-50A1-1 

IR30-00-1, VP15-00-1 

78C12AL(A)-xxx 




78C14AG-XXX-AB8 

64-pin QFP 

P64GC-80-AB8-2 

IR30-107-1, VP15-107-1 

78C14CW-XXX 

64-pin SDIP 

P64C-70-750A,C 

WS60-00-1 

78C14G-XXX-36 

64-pin QUIP 

P64GQ-100-36 

WS60-00-1 

78C14G-XXX-37 

64-pin QUIP (straight) 

P64GQ-100-37 

— 

78C14G-XXX-1B 

64-pin QFP 

P64G-100-12, IB-1 

IR30-107-1, VP15-107-1 

78C14GF-XXX-3BE 

64-pin QFP 

P64GF-100-3B8, 3BE-1 

IR30-107-1, VP15-107-1, 

WS60-107-1 

78C14L-XXX 

68.pin PLCC 

P68L-50A1-1 

IR30-00-1, VP15-00-1 
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Soldering 


/iPD78C00 Product Line; Soldering and Packaging Information (cont) 

Part Number 

Package 

Package Drawing 

Recommended 

Soldering Code (Note 1) 

/tPD78C14 Family (cont) 

78CP14CW 

64-pin SDIP 

P64C-70-750A,C 

WS60-00-1 

78CP14G-36 

64-pin QUIP 

P64GQ-100-36 

WS60-00-1 

78CP14G-37 

64-pin QUIP (straight) 

P64GQ-100-37 

WS60-00-1 

78CP14GF-3BE 

64-pin QFP 

P64GF-100-3B8, 3BE-1 

— 

78CP14L 

68-pin PLCC 

P68L-50A1-1 

VP15-162-1 

78CP14DW 

64-pin CER SDIP w/window 

P64DW-70-750A 

WS60-00-1 

78CP14R 

64-pin CER QUIP w/window 

P64RQ-100-A 

WS60-00-1 

78CP14G(A)-36 

64-pin QUIP 

P64GQ-100-36 

WS60-00-1 

fiPD78C18 Family 

78C17CW 

64-pin SDIP 

P64C-70-750A, C 

WS60-00-1 

78C17GF-3BE 

64-pin QFP 

P64GF-100-3B8, 3BE-1 

IR30-107-1, VP15-107-1, WS60-00-1 

78C17GF(A)-3BE 



IR30-207-1, VP15-207-1, 

WS60-207-1 

78C17GQ-36 

64-pin QUIP 

P64GQ-100-36 

WS60-00-1 

78C17GQ(A)-36 




/iPD78C18CW-xxx 

64-pin SDIP 

P64C-70-750A, C 

WS60-00-1 

78C17GF-XXX-3BE 

64-pin QFP 

P64GF-100-3B8, 3BE-1 

IR30-107-1, VP15-107-1, 

78C17GF(A)-xxx-3BE 



WS60-107-1 

78C17GQ-XXX-36 

64-pin QUIP 

P64GQ-100-36 

WS60-00-1 

78C17GQ(A)-xxx-36 




78CP18CW 

64-pin SDIP 

P64C-70-750A, C 

WS60-00-1 

78CP18GF-3BE 

64-pin QFP 

P64GF-100-3B8, 3BE-1 

IR30-107-1, VP15-107-1 

78CP18GF(A)-3BE 




yOQp-JQQQ.Og 

G4-piri QUIP 

P64GQ-100-36 

WS60-00-1 

78CP18GQ(A)-36 




78CP18DW 

64-pin SDIP w/window 

P64DW-70-750A 

— 

78CP18KB (Note 2) 

64-pin ceramic LCC w/window 

X64KW-100A-1 

- 


Notes: 

(1) See soldering conditions table at the end of this section for 
further information on NEC’s soldering codes. 

(2) Not intended for soldering: if soldering code is not listed, contact 
NEC. 
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Soldering 


/aPD 78K0 Product Line; Soldering and Packaging Information 


Part Number 

Package 

Package Drawing 

Recommended 

Soldering Code (Note 1) 

fiPD78002 Family 

78001 BCW-xxx 

64-pin plastic shrink DIP 

P64C-70-750A, C 

WS60-00-1 

78002BCW-XXX 




78001BGC-XXX-AB8 

64-pin plastic QFP 

P64GC-80-AB8-2 

IR30-107-1, VP15-107-1, 

78002BGC-XXX-AB8 



WS60-107-1 

/iPD78002Y Family 

78001 BYCW-xxx 

64-pin plastic shrink DIP 

P64C-70-750A, C 

WS60-00-1 

78002BYCW-XXX 




78001BYGC-XXX-AB8 

64-pin plastic QFP 

P64GC-80-AB8-2 

IR30-107-1, VP15-107-1, 

78002BYGC-XXX-AB8 



WS60-107-1 

juPD78014 Family 

78011 BCW-xxx 

64-pin plastic shrink DIP 

P64-70-750A, C 

WS60-00-1 

78012BCW-XXX 




78013CW-XXX 




78014CW-XXX 




78P014CW 




78011BGC-XXX-AB8 

64-pin plastic QFP 

P64GC-80-AB8-2 

IR30-107-1, VP15-107-1, 

78012BGC-XXX-AB8 



WS60-107-1 

78013GC-XXX-AB8 




78014GC-XXX-AB8 




78P014GC 

64-pin plastic QFP 

P64GC-80-AB8-2 

IR30-162-1, VP15-162-1 

78P014DW 

64-pin ceramic shrink DIP w/ 
window 

P64DW-70-750A 

Pin partial heating 

ftPD78014Y Family 

78011 BYCW-xxx 

64-pin plastic shrink DIP 

P64C-70-750A, C 

WS60-00-1 


78012BYCW-XXX 


78013YCW-XXX 

78014YCW-XXX 

78P014YCW 

■ 

78P014YDW 64-pin ceramic shrink DIP w/ P64DW-70-750A Pin partial heating 

window 


78011BYGC-XXX-AB8 


64-pin piastic QFP 


P64GC-80-AB8-2 


78012BYGC-XXX-AB8 


IR30-107-1, VP15-107-1, 
WS60-107-1 


78013YGC-XXX-AB8 


78014YGC-XXX-AB8 


78P014YGC 


64-pin piastic QFP 


P64GC-80-AB8-2 


IR30-162-1, VP15-162-1 
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Soldering 


NEC 


/iPD78K0 Product Line; 

; Soldering and Packaging Information (cont) 


Part Number 

Package 

Package Drawing 

Recommended 

Soldering Code (Note 1) 

fiPD78044 Family 

78042GF-XXX-3B9 

80-pin plastic QFP 

P80GF-80-3B9-1 

IR35-207-1, WS60-207-1, VP15- 

78043GF-XXX-3B9 



207-1 

78044GF-XXX-3B9 




78P044GF-3B9 

80-pin plastic QFP 

P80GF-80-3B9-1 

(Note 2) 

78P044KL-S 

80-pin ceramic LCC w/window 

X80KW-80A 

Soldering not recommended 

/(PD78054 Family 

78052GC-XXX-3B9 

80-pin plastic QFP 

S80GC-65-SB9-1 

Note 2 

78053GC-XXX-3B9 




78054GC-XXX-3B9 




78P054GC-3B9 




78052GK-XXX-BE9 

80-pin plastic TQFP 

P80GK-50-BE9-1 

Note 2 

78053GK-XXX-BE9 




78054GK-XXX-BE9 




78P054GK-BE9 




78P054KK-T 

80-pin ceramic LCC w/window 

X80KW-65A 

Note 2 

fiPD78064 Family 

78062GC-XXX-7EA 

100-pin plastic QFP (14x14 

P100GC-50-7EA 

Note 2 

78063GC-XXX-7EA 

mm) 



78064GC-XXX-7EA 




78P064GC-7EA 




78062GF-XXX-3BA 

100-pin plastic QFP (14 x 20 

P100GF-65-3BA 

Note 2 

78063GF-XXX-3BA 

mm) 



78064GF-XXX-3BA 




78P064GF-3BA 




78P064KL-T 

100-pin ceramic LCC 
w/window (14 x 20 mm) 

Note 3 

Note 2 


Notes: 

(1) See soldering conditions table at the end of this section for 
further information on NEC’s soldering codes. 

(2) Please contact NEC Electronics. 

(3) Under development 
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Soldering 


/tPD78K2 Product Line; Soldering and Packaging Information _ 

Recommended 

Part Number Package Package Drawing Soldering Code (Note 1) 


/iPD78214 Family 

78212CW-XXX 

78213CW 

78214CW-XXX 

78P214CW 

64-pin SDIP 

P64C-70-750A,C 

WS60-00-1 

78212GC-XXX 

78213GC 

78214GC-XXX 

64-pin plastic QFP 

P64GC-80-AB8-2 

IR30-162-1, VPI 5-162-1 

78P214GC 

64-pin plastic QFP 

P64GC-80-AB8-2 

IR30-162-1, VP15-162-1 (Note 2) 

78212GJ-XXX 

78213GJ 

78214GJ-XXX 

74-pin plastic QFP 

S74GJ-100-5BJ-1 

IR30-00-1, VP15-00-1 

78P214GJ 

74-pin plastic QFP 

S74GJ-100-5BJ-1 

IR30-107-1, VP15-107-1 

78213G36 

78214GXXX36 

782P14GQ 

64-pin plastic QUIP 

P64GQ-100-36 

WS60-00-1 

78213L 

78214L-XXX 

68-pin PLCC 

P68L-50A1-1 

VP15-162-1 

78P214L 

68-pin PLCC 

P68L-50A1-1 

VP15-107-1 

78P214DW 

64-pin ceramic shrink DIP w/ 
window 

P64DW-70-750A1 

Pin partial heating 

/iPD78218A Family 

78217ACW 

64-pin plastic SDIP 

P64C-70-750A,C 

WS60-00-1 

78218ACW 




78P218ACW 




78217AGC 

64-pin plastic QFP 

P64C-80-AB8-2 

IR30-162-1, VP15-162-1 

78218AGC 




78P218AGC 




78P218ADW 

64-pin ceramic SDIP w/window 

P64DW-70-750A1 

Pin partial heating 

ftPD78224 Family 

78220L 

84-pin PLCC 

P84L-50A3-1 

V PI 5-162-1 


78224L-XXX 

78P224L 

78220GJJ-5BG 94-pin plastic QFP S94GJ-80-5BG-1 iR30-107-1, VP15-107-1 

78224GJ-XXX-5BG 
78P224GJ-5BG 


Pin partial heating 








Soldering 


mPD 78K2 Product Line; Soldering and Packaging Information 


Part Number 

Package 

Package Drawing 

Recommended 

Soldering Code (Note 1) 

MPD7823d Family 




78233GC 

78234GC-XXX 

78237GC 

78238GC-XXX 

78P238GC 

80-pin plastic QFP 

S80GC-65-3B9-1 

IR30-162-1, VP15-162-1 

78233GJ 

94-pin plastic plastic QFP 

S94GJ-80-5BG-1 

IR30-107-1 


78234GJ-XXX 


78237GJ 

78238GJ-XXX 

78P238GJ 

78233LQ 84-pin PLCC P84L-50A3-1 VP15-107-1 

78234LQ-XXX 

78237LQ 

78238LQ-XXX 


78P238LQ 


78P238KF 

94-pin ceramic LCC w/window 

X94KW-80A 

Pin partial heating 

piPD78244 Family 

78243CW 

64-pin plastic SDIP 

P64C-70-750A, C 

WS60-00-1 

78244CW-XXX 




78243GC-AB8 

64-pin plastic QFP 

P64GC-80-AB8-2 

IR30-162-1, VP15-162-1 

78244GC-XXX 





Notes: 

(1) See soldering conditions table at the end of this section for 
further information on NEC’s soldering codes. 

(2) This soldering method is not applicable to the “K" specification 
product. 
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Soldering 


/iPD78K3 Product Line; Soldering and Packaging Information __ 

Recommended 

Part Number Package Package Drawing Soldering Code (Note 1) 

fiPD78312A Family 


7831OACW 

78312ACW-XXX 

78P312ACW 

64-pin plastic shrink DIP 

P64C-70-750A, C 


78310AGF-3BE 

78312AGF-XXX-3BE 

78P312AGF-3BE 

64-pin plastic QFP 

P64GF-100-3B8, 3BE-1 

1R30.162-1, VP15-162-1 

78310AGQ-36 

78312AGQ-XXX-36 

78P312AGQ-36 

64-pin plastic QUIP 

P64GQ-100-36 

IR30-162-1, VP15-162-1 

7831OAL 

78312AL-XXX 

68-pin plastic PLCC 

P68L-50A1-1 

IR30-00-1, VP15-162-1 

78P312AL 



VP15-00-1 

78P312ADW 

64-pin ceramic shrink DIP w/ 
window (350-mil) 

P64DW-70-750A 

— 

78P312AR 

64-pin ceramic QUIP w/window 

P64RQ-100-A 

— 

fiPD78322 Family 

78320GF 

80-pin plastic QFP 

P80GF-80-3B9-1 

IR30-162-1 

78320GF(A) 




78320GF(A1) 




78320GF(A2) 




78320L 

68-pin PLCC 

P68L-50A1-1 

IR30-00-1, VP15-00-1 

78320L(A) 




78320L(A1) 




78320L(A2) 




78322GF-XXX 

80-pin plastic QFP 

P80GF-80-3B9-1 

1R30-162-1 

78322GF(A)-xxx 




78322GF(A1)-xxx 




78322GF(A2)-xxx 




78322L-XXX 

68-pin PLCC 

P68L-50A1-1 

IR30-00-1, VP15-00-1 

78322L(A)-xxx 



VP15-00-1 

78322L(A1)-xxx 



VP15-00-1 

78322L(A2)-xxx 



VP15-00-1 

78P322GF 

80-pin plastic QFP 

P80GF-80-3B9-1 

— 

78P322L 

68-pin PLCC 

P68L-50A1-1 

— 

78P322KE 

80-pin ceramic LCC 

X80KW-80A 

— 


with window 




78P322KC 


68-pin ceramic LCC 
with window 


X68KW-50A 






Soldering 


NEC 


^PD78K3 Product Line; Soldering and Packaging Information 

Part Number 

Package 

Package Drawing 

Recommended 

Soldering Code (Note 1) 

MPD78352 Family 

78350GC-3BE 

64-pin plastic QFP (3.0-mm 
height) 

P64GC-80-3BE 

IR30-107-1 

V PI 5-107-1 

WS60-107-1 

78P352AG-XXX-22 

64-pin plastic QFP (1.7-mm 

P64G-80-22-1 

(Note 2) 

78P352G-22 

height) 


IR30-107-2 

VP15-107-2 

78P352KK 

64-pin ceramic LCC with 
window 

X80KW-80B 

Not intended for soldering 

/iPD78356 Family 

78355GC-7EA 

100-pin plastic QFP 

P100GC-50-7EA 

(Note 2) 

78356GC-XXX-7EA 




78P356GC-7EA 




78P356K 

120-pin ceramic LCC with 
window 

X120KW-80A 

(Note 2) 


Note: 

(1) See soldering conditions table at the end of this section for 
further information on NEC’s soldering codes. 

(2) Please contact NEC Electronics. 
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Soldering 


Soldering Conditions 

Method (1) 

Code (2) 

Soldering Conditions 

Exposure Limit (3) 

Infrared reflow 

1R30-00-1 

Package peak temp: 230°C 

No limit 


1R30-107-1 
IR30-107-2 

Time: 30 sec max (210°C min) 

Max no. of days: 7 (thereafter, 10 hours baking at 125°C is 
required) 


IR30-162-1 


Max no. of days: 2 (thereafter, 16 hours baking at 125°C is 
required) 


IR30-207-1 


Max no. of days: 7 (thereafter, 20 hours baking at 125®C 
is required) 


IR35-207-1 

Package peak temp: 235°C 

Time: 30 sec max (210°C min) 

Max no. of days: 7 (thereafter, 20 hours baking at 125°C 
is required) 

Vapor phase 

VP15-00-1 

Package peak temp: 215°C 

No limit 


VP15-107-1 

VP15-107-2 

Time: 40 sec max (200°C min) 

Max no. of days: 7 (thereafter, 10 hours baking at 125°C is 
required) 


VP15-162-1 


Max no. of days: 2 (thereafter, 16 hours baking at 125°C is 
required) 


VP15-207-1 


Max no. of days: 7 (thereafter, 20 hours baking at 125°C 
is required) 

Wave soldering 

WS60-00-1 

Solder bath temp: 260°C max 

No limit 


WS60-107-1 

Time: 10 sec max 

Max no. of days: 7 (thereafter, 10 hours baking at 125°C is 
required) 


WS60-207-1 


Max no. of days: 7 (thereafter, 20 hours baking at 125°C 
is required) 

Pin partial heating (SDIP) 


Temperature: 260°C max 

Time: 10 sec max (per device side) 


Pin partial heating (QFP) 


Temperature: 300°C max 

Time: 3 sec max (per device side) 



Notes: 


(1) Do not use different soldering methods together. However, on all 
devices the pin partial heating soldering method can be used 
alone or in combination with other soldering methods. 

(2) The maximum number of soldering operations is one or two as 
indicated by the last digit of the soldering code: -1 or -2, 

(3) Maximum no. of days refers to the number of days after unpack¬ 
ing the dry pack. Storage conditions are 25°C and 65% RH max. 
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Solctering 
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Section 8 
Package Drawings 


64-Pin Plastic Shrink DIP (P64C-70-750A, C) 

8-1 

64-Pin Ceramic Shrink DIP 
(P64DW-70-750A) 

8-2 

64-Pin Ceramic Shrink DIP 
(P64DW-70-750A1) 

8-3 

64-Pin Ceramic LCC w/window 
(X80KW-80B) 

8-4 

64-Pin Ceramic LCC w/window 
(X64KW-100A-1) 

8-5 

64-Pin Plastic QFP (P64G-100-12, 1B-1) 

8-6 

64-Pin Plastic QFP (P64GC-80-AB8-2) 

8-7 

64-Pin Plastic QFP {P64GF-100-3B8, 3BE-1) 

8-8 

64-Pin Plastic QFP (3.0-mm height) 

(P64GC-80- 3BE) 

8-9 

64-Pin Plastic QFP (1.7-mm height) 
(P64G-80-22-1) 

8-10 

64-Pin Ceramic QFP for Engineering 

Samples 

8-11 

64-Pin Plastic QUIP (P64GQ-100-36) 

8-12 

64-Pin Plastic QUIP (P64GQ-1*ffO-37) 

8-13 


64-Pin Ceramic QUIP w/window 
(P64RQ-100-A) 

8-14 

68-Pin PLCC (P68L-50A1-1) 

8-15 

68-Pin Ceramic LCC w/window 
(X68KW-50A) 

8-16 

74-Pin Plastic QFP {S74GJ-100-5BJ-1) 

8-17 

80-Pin Ceramic LCC w/window 
(X80KW-80A) 

8-18 

80-Pin Ceramic LCC w/window 
(X80KW-65A) 

8-19 

80-Pin Plastic QFP (P80GF-80-3B9-1) 

8-20 

80-Pin Plastic QFP (S80GC-65-3B9-1) 

8-21 

80-Pin Plastic TQFP (P80GK-50-BE9-1) 

8-22 

84-Pin PLCC (P84L-50A3-1) 

8-23 

94-Pin Plastic QFP (S94GJ-80-5BG-1) 

8-24 

94-Pin Ceramic LCC (X94KW-80A) 

8-25 

100-Pin Plastic QFP (P100GC-50-7EA) 

8-26 

100-Pin Plastic QFP (P100GF-65-3BA) 

8-27 

120-Pin Ceramic LCC (X120KW-80A) 
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Package Drawings 



64-Pln Ceramic Shrink DiP (P64DW-70-750A) 





















Package Drawings 
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Package Drawings 
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Package Drawings 


64-Pin Plastic QFP (P64G-100-12, IB-1) 














Package Drawings 


64-Pin Plastic QFP (P64GC-80-AB8-2) 

















Package Drawings 


64-P'm Plastic QFP (P64GF-100-3B8, 3BE-1) 
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Package Drawings 
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Package Drawings 
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Package Drawings 








































Package Drawings 


64-Pin Ceramic QUiP w/window (P64RQ-100-A) 





















Package Drawings 


68-Pin PLCC (P68L-50A1-1) 




















Package Drawings 






















Package Drawings 






















Package Drawings 
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NEC 


Package Drawings 


80-Pin Ceramic LCC w/window (X80KW-65A) 
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Package Drawings 
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100-Pin Plastic QFP (P100GF-65-3BA) 
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